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(54) DATA TRANSFER SYSTEMS 



(71) We. International Business 
Machines Corporation, a Corporation 
organized and existing under the laws of 
the State of New York in the United States 
5 of America, of Armonk, New York 10504» 
United States of America (assignees of 
Harold Eugene Jenkins), do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us, and the 
10 method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

The invention relates to data transfer 
systems. 

15 Pre,vious]y, the time required for data to 
be physically transmitted from one data 
machine to another was not a significant 
factor in tlie operation thereof. The previ- 
ous primary interest in the transfer of data 

20 between such data machines was to assure 
that all the data involved in a data transfer 
was in fact transferred and received. To 
provide this assurance, the previous sytems 
would, for example, completely interlock 

25 operation while the data is transferred. To 
accomplish the exemphfied transfer of data 
between a central processing unit and a 
control unit for a peripheral storage device, 
the control unit first transmits to the cen- 

30 tral processing unit a special "service in" 
signal. This signals the CPU that a peri- 
pheral device wants to transmit or receive 
a byte of information. A byte may be, for 
example, eight binary bits of information 

35 arranged to be transmitted in parallel via 
an eight-wire cable. The CPU responds to 
. the service in signal by accepting the byte 
of information on an input cable or pro- 
vides on an output cable a byte of data as 

40; requested by the service in. The CPU then 
' transmits a special "service out" signal to 
the control unit thereby to signal that the 
byte of information was accepted or sup- 
plied. The service in signal from the con- 

45 trol unit remains activated until such time 
as the corresponding service out signal is 
received. Then, the control unit drops the 
service in signal thereby causing the CPU 



to drop the service out signal. The control 
unit then proceeds to the next byte of data 50 
and again transmits a service in signal to 
the CPU. 

As the data rate, or the rate at which the 
data is made available for transmission, 
becomes higher, the time required for trans- 55 
mission between the devices becomes a sig- 
nificant factor in hampering the operation 
thereof. For example, a length of time 
equal to two machine cycles may be re- 
quired for transmission of a byte of data 60 
over a cable between the control unit and 
the CPU. Hence, the first byte of data 
would be placed by the device in the control 
unit, whereupon the control unit transmits 
the service in signal and the parallel byte 65 
of data to the CPU. Two machine cycles 
later, the CPU would receive the byte of 
data and provide the service out signal. 
Two machine cycles later, the service out 
signal would be received; by the control 70 
unit. Only at this time would the control 
unit drop the service in signal and begin 
the required operation to transmit the next 
byte of data to the CPU. However, four 
machine cycles have passed, meaning that 75 
the data storage device is in position to 
supply the fifth subsequent byte of data, 
skipping the four intermediate bytes. — In 
order to transmit the second byte of data, 
the central unit must therefore wait until 80 
the storage device completes one complete 
cycle and is ready to transmit the second 
byte of data. 

Transmission of a string of bytes of data 
may alternatively be accomplished by a 85 
continuous interconnection between the 
data machines without providing a means 
for assuring that each byte of the data has 
been transferred. 

The present invention provides a data 90 
transfer system including a data transmit- 
ter and a data receiver, wherein blocks of 
data are transferred successively, each ac- 
companied by a first control signal, and 
wherein the receiver responds to the recep- 95 
tion of each block of data and its respec- 
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tive first signal by transmitting a second 
control signal, the system including means 
for defining time slats during each of 
which a second control signal should be re- 
5 ceived at the transmitter, and checking 
means for verifying that only one second 
control signal is received during each de- 
fined time slot 

The invention will now be further ex- 

10 plained, by way of example, widi reference 
to the accompanying drawings in which: — 
Figure 1 is a diagrammatic illustration 
of a data transfer system according to the 
present invention; 

15 Figures 2 — 12 are detailed logic dia- 
grams of the circuitry comprising an inter- 
locking control shown dlagrammatically in 
Figure 1; and 

Figure 13 is a waveform diagram illus- 

20 trating the operation of the circuitry of Fig- 
ures 1—12. 

Referring to Figure 1, a central proces- 
sing unit 10 is illustrated connected to a 
control unit 12, which is in turn connected 

25 to an input-output device 13. An exemplary 
central processing unit and control unit, 
together with the connections therebetween 
and operation thereof to accomplish the 
control of an input-output device and the 

30 transfer of data between the CPU and the 
control unit are all described in detail in 
our U.K. Patent Specification No. 1,108.804. 
An example of the control unit and an 
input-output device connected thereto are 

35 also described in detail in our U.K. Speci- 
fication No. 1,179,613. The only change 
thereover compjfises the interlock control 
14 and its operation with respect to CPU 
. 10. The prior art 'method of controlling and 

40 interlocking the transfer of data between 
the CPU and the control unit is described 
briefly in the above mentioned U.K. Patent 
Specification No. 1,108,804. 

In the present invention, data is trans- 

45 ferred from the CPU to the control unit as a 
. parallel byte, comprising a plurality of bin- 
ary bits, over a parallel cable 15, called 
"bus out". In the control unit, bus out 15 
is connected to input-output register 1 6. 

50 Data is transferred from the control unit 
to the CPU over a similar cable 17 connec- 
ted to the input-output register called "bus 
in". Two individual lines also connected 
between the CPU and the control unit are 

55 "service out" line 18 and "service in" line 
19. The input-output register 16 is cormec- 
ted to process and control circuitry 20 
which includes most of the circuitry de- 
scribed in the above-cited Specification No. 

60 1,179,613. The process and control cir- 
cuitry 20 is al$o connected to interlock con- 
trol 14 and to a write data register 21 and 
a read data raster 22. The write data re- 
gister 21 is- connected to the input-output 

65 device 13. as is the read data register. Many 



additional control lines interconnect the 
CPU with the control unit and the con- 
trol unit with the input-output device and 
are described in the above-cited UK Patent 
Specifications, but they are not pertinent to 70 
the present invention. 

In operation, the CPU 10 may select a 
particular control unit and I/O device for 
communication therewith. For either read- 
ing or writing, data is transferred in separ- 75 
ate, parallel bytes between the CPU and 
the control unit, and serially by bit be- 
tween the control unit and the I/O device. 
Hence, input-output register 16 of the con- 
trol unit operates in parallel, either receiv- 80 
ing or transmitting a parallel byte of data 
with respect to the CPU, and in turn trans- 
mitting or receiving each such byte of data 
with respect to process and control cir- 
cuitry 20 of the control unit. Each such 85 
byte of data is also transferred between the 
process control circuitry and either write 
data register 21 or read data register 22 in 
parallel. Write data register 21 converts a 
parallel byte of data into serial form by 90 
storing the parallel byte and gating the byte 
to I/O device 13 serially one bit at a time. 
The I/O device hkewise transmits a byte of 
data serially to read data register 22 which 
stores each, bit as received in sequentially 95 
gated bit positions of the register. When 
an entire byte has been received, the read 
data register transmits the byte to process 
and control circuitry 2Q. 

Unlike the prior systems, a control bit 100 
having an interlock control in accordance 
with the present invention need not be 
located closely adjacent CPU 10. Rather, 
the cables comprising bus out 15 and bus 
in 17 and the wires comprising service out 105 
line 18 and service in line 19 may be of 
an extended lengdi. At an extended length, 
the time for transmission of data between 
the CPU and control unit and the time re- 
quired for interchange of service in and ser- 110 
vice out signals.pn Jines 18 and 19 may be „ 
significantly longer than a single data cycle 
of the control unit at the desired data trans- 
fer rate. 

Briefly, data is transmitted from the con- 115 
trol unit to the CPU by the input-output re- 
gister 16 gating a parallel byte of data out 
onto cable 17. Interlock control 14 trans- 
mits a service in pulse on line 19 at the 
same time. The interlock control 14 terrain- 120 
ates the service in signal after a predeter- 
mined time and similarly causes I/O regis- 
ter 16 to terminate the transmission of t^e 
byte of data on cable 17, In accordance with 
a predetermined data transfer rate, the inter- 125 
lock control again transmits a service in 
signal on line 19 and against causes I/O 
register 16 to transmit the next sequential 
parallel byte of data on cable 17. After 
transmission of one or more service ins and 130 
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the cx>rresponding data, the first service in 
and data byte appear at CPU 10. The CPU 
recognizes the service in as indicatmg that 
a byte of data is available at the bus in in- 
5 put. The CPU then gates in tliis byte of 
data and transmits a service out pulse on 
line 18 to the control unit. Additional ser- 
vice ins and accompanying data may have 
been transmitted by the control unit by the 

10 time that the service out pulse reaches inter- 
lock control 14. The CPU transmits a sep- 
arate service out pulse for each service in 
and corresponding byte of data received. 
Hence, a plurality of service ins and service 

15 outs may simultaneously appear along lines 
18 and 19. The total time delay between 
transmission from the interlock control of 
a service in and receipt thereat of the cor- 
responding service out is known. A delay 

20 means in 3ie interlock control is set to count 
the machine cycles for a predetermined 
time comprising this delay. This delay 
means enables response circuitry to expect 
receipt of a service out pulse in the next 

25 following machine cycle, die receipt of ser- 
vice outs then continuing at the data trans- 
fer rate. The total number of bytes of data 
to be transmitted is known as the transfer 
begins. Another counter in the interlock 

30 control is set to this number and decrements 
as es^ch service out signal, gated by the de- 
lay means, is received. Thus, when the 
value of the second counter is equal to that 
of the delay counter, no more data is trans- 

35 mitted. Then, all remaining service outs are 
checked, and the second counter continued 
to be decremeMed thereby. If the second 
counter is thus decremented to zero and no 
more service outs are received, the correct 

40 amount of data was transmitted to and 
received by the CPU 10. 

Referring to Figures 2 — 12, die specific 
circuitry comprising interlock control 14 is 
shown. Nearly all transistor or integrate^ 

45 circuit logic today employs alternating posi- 
tive -and" negative logic. -By this is meant 
that if the inputs to a circuit are positive 
to cause the proper action, the proper action 
at the output is represented' as a negative, 

50 and vice versa. Each of the circuits there- 
fore will be designated as "plus" or 
"minus", indicating the sign of the input 
signals required to accomplish the action 
indicated by the circuit designation, such as 

55 --fOR" or "-AND." 

; , Figure 12 illustrates a clock which may 
be employed to provide the timing and drive 
the circuitry of Figures 2 — 11. The clock 
includes a voltage controlled oscillator 25 

60 and a counter-divider 26. An example of a 
voltage controlled oscillator which may be 
employed herein is described in detail in 
the specification of our co-pending applica- 
tion for Letters Patent No. 23952/69 (Ser- 

65 iai No. 1.218^713). Counter-divider 26 com- 



prises an ordinary rmg counter having 
eight stages. The first two stages of counter- 
divider 26 comprise phase 0, the second 
two stages comprise phase 1, the fifth and 
sixth stages comprise phase 2, and the last 70 
two stages comprise phase 3. A "Run 
Clock" input 27 is connected to the coun- 
ter-divider, A negative signal thereat pre- 
vents the counter from running and holds 
it at the first stage. Applying a positive 75 
signal allows the VCO 25 to then run the 
counter-divider. Hence, a pulse api>ears at 
clock zero output 28 for the first two cycles 
of oscillator 25, a pulse appears at clock 1 
output 29 for die next two cycles of oscil- 80 
lator 25, a pulse appears at clock 2 output 
30 for the fifth and sixth cycles of oscil- 
lator 25, and a pulse appears on clock 3 
output 31 for the seventh and eighth 
cycles of oscillator 25. The ring counter 85 
then returns to phase 0, producing an out- 
put pulse at clock zero output 28 for the 
next two cycles of oscillator 25, etc. 

Referring now to Figure 2, the circuitry 
of interlock control 14 of Figure 1 for 90 
transmitting the. Service In sigMls on line 
19 and for gating in the expected Service 
Out signals from line 18 are illustrated. The 
process and control circuitry 20 of Figure 
1 signals to the interlock control 14 95 
whether data is to be transmitted or received 
with respect to the CPU and also signals the 
time that transfer is to begin. Additionally, 
the process and control circuitry signals the 
number of bytes of data to be transferred. 100 

The signal indicating that data is to be 
transferred is received at "Go" input ter- 
minal 35. This signal is a positive pulse 
which is supplied to the -I- OR circuit 36. 
The signal indicating that the data to be 105 
transferred is to be transmitted from the 
control unit to the CPU is represented by 
an input pulse appearing at "Read" input 
terminal 37. Since this input pulse is also 
positive, it is supplied to NOT circuit 38. 110 
The NOT circuit merely transmits the pulse 
after inverting its polarity. The resultant 
negative pulse is transmitted to —AND cir- 
cut 39. AND circuit 39 respK>nds only to the 
presence of negative signals at all of its 115 
four inputs in order to supply a positive 
output signal, constituting the AND func- 
tion. Otherwise, upon any of the inputs 
thereto being positive, the output of AND 
circuit 39 is negative. Hence, application of 120 
the Read input signal at terminal 37 en- 
ables one of the inputs to AND circuit 39. 
This signal occurs before application of the 
Go pulse at input 35 and continues until 
after aU of the data has been properly 125 
transferred to the CPU. 

OR circuit 36 and an AND circuit 40 
are interconnected so that they together 
comprise a latch circuit. OR circuit 36 is a 
4- OR circuit, which means that it performs 130 
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the ORing function 'by responding to a posi- 
tive input signal either from input terminal 

35 or on line 41 to provide a negative out- 
put signal. AND circuit 40 is a negative 

5 AND, meaning that it responds to the appli- 
cation of negative input signals at both in- 
put line 43 and from input terminal 44 to 
provide a pK>sitive output signal on line 41. 
Input terminal 44 comprises "Counters 

10 Equal" input from Figure 7, which nor- 
mally is a negative signal, thereby enabling 
the AND circuit 40 to respond to a subse- 
quendy appearing negative signal at input 
43. Application of the Go input signal at 

15 input terminal 35 operates OR circuit 36 
to thereby supply a negative output signal. 
This negative signal is supplied, inter alia, 
to input line 43 of AND circuit 40. This 
signal, together with the enabling signal 

20 from input 44 operates AND circuit 40 to 
supply a positive output on line 41. This 
positive output is now employed by the OR 
circuit 36 to maintain the negative output. 
Hence, OR circuit 36 and AND circuit 40 

25 are latched to continue supplying the nega- 
tive signal until such time as an input from 
terminal 44 goes positive. The positive 
pulse apeparing at input 35 subsequently 
terminates, but OR circuit 36 remains 

30 on due to the latching effect 

The latched negative output of OR circuit 

36 is applied additionally to input 45 of 

— AND circuit 46, input 47 of —AND cir- 
cuit 48, input 49 of AND circuit 39, input 

35 50 of —Binary Trigger 51 and input 52 of 

— AND cu-cuit 53. 

Binary Trigger^ 51 comprises a negative 
binary trigger*^ which responds to a positive- 
to-negative transition at input 50 from OR 

40 circuit 36 by assuming the positive state and 
to a positive-to-negative transition at 
"Counters-Equal" input 54 from Figure 7 
by assuming the negative state. In ti^e nega- 
tive state, the trigger supplies a negative 

45 output signal on "Run Clock" output line 
55. The Counters Equal input at terminal 
54 is initially negative, having previously 
switched the trigger to the negative state. 
Hence, the trigger 51 initially supplies a 

50 negative output on Run Clock line 55. This 
output line is connected to input terminal 
27 of Figure 12. So long as this signal is 
negative, counter-divider 26 will not run. 
Upon application of the Go input pulse at 

55 terminal 35 to OR circuit 36, that OR cir- 
/ cuit transmits a negative signal to input 50 
of trigger 51. Hence, the trigger switches 
IQ the positive state, causing a positive out- 
put signal to appear cn line 55 to terminal 

60 27 of Figure 12. This positive signal causes 
the divider-counter 26 to begin cycling from 
its initial condition. 

The clock 0 output pulse from the clock 
on line 28 in Figure 12 is applied to input 

65 terminals 56 and 57 in Figure 2. The clock 



0 pulse at teiminal 56 is a positive pulse 
which is directiy supplied to input 59 of 
AND circuit 39, the input to tiie AND cir- 
cuit being negative and enabling it for the 
other 3 phases of the clock. The remaining 70 
input to AND circuit 39 comprises the 
"NOT Byte Zero HO" input at terminal 

60 from Figure 6. This input is also nega- 
tive and, when taken together with the neg- 
ative input from NOT circuit 38 and on in- 75 
put 49 from OR circuit 36, the negative sig- 
nals on input 59 at other than clock 0 time 
thereby operates AND circuit 39 to provide a 
positive pulse on "Gata Data" output line 

61 of duration equal to three phases of the 80 
clock. The pulse is supplied on line 61 to 
input-output register 16 of the control unit 
shown in Figure 1. This pulse signals the 
input output register to transmit the byte 

of data stored thereat onto Bus In cable 85 
17 to the CPU 10. 

The positive clock 0 pulse applied at in- 
put 57 is inverted by NOT circuit 62 and 
applied to negative AND circuit 46. As 
previously explained, a negative signal is 90 
continuously applied to input 45 of the AND 
circuit by OR circuit 36. The remaining 
input 63 to the AND circuit, the **Re- 
sponse Delay" input, is initially positive; 
hence, this input signal prevents AND cir- 95 
cuit 46 from operating. 

As the clock 0 input pulse is terminated, 
the Gate Data output on line 61 goes posi- 
tive and the clock 1 input pulse then ap- 
pears on output terminal 29 of the clock of 100 
Figure 12. This pulse is applied at inputs 
64 and 65 of Figure 2. The pulse at ter- 
minal 64 is applied to NOT circuit 66 and 
inverted thereby for application to an input 
of AND circuit 48. Since the other input to 105 
the AND circuit is latched negative by the 
output of OR circuit 36, the application of the 
clock pulse thereto causes the AND circuit 
to operate and thereby supply a service in 
pulse on output hne 19 to the CPU. The 110 
AND circuit is thus operated once each 
cycle of the counter- divider 26 of Figure 
12 so long as the Gate Service In OR cir- 
cuit 36 is latched, each service in pulse be- 
ing of duration equal to the duration of the 115 
phase 1 clock pulse. 

The phase 1 clock pulse is also applied 
at input 65 to NOT circuit 67. That circuit 
inverts the clock pulse and applies it to 
AND circuit 53. The input at line 52 to the 120 
AND circuit is also negative as previously 
described; however, the other input on line 
68 to the AND circuit is initially held i>osi- 
tive, as will be explained hereinafter, thereby 
preventing operation of the circuit. 125 

After a predetermined time from the in- 
itiation of the Run Clock signal on output 
line 55. the positive signal appearing at Re- 
sponse Delay input terminal 63 of Figure 
2 becomes negative, as will be explained 130 
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hereinafter. This negative signal is then 
applied as an input to AND circuit 46. 
Input 45 to the AND circuit is also nega- 
tive as the result of the output of the latched 
5 OR circuit 36. Hence, at the subsequently 
appearing phase 0 of the clock, a positive 
pulse is provided at input terminal 57 to 
NOT circuit 62. This circuit inverts the 
signal, thereby applying a negative input to 

10 the AND circuit. This negative signal oper- 
ates the AND circuit for the duration of the 
phase 0 pulse. This output of the AND cir- 
cuit is a positive pulse and appears on line 
69 as an input to +OR circuit 70. The OR 

15 circuit therefore supplies a negative output 
on line 71 to —AND circuit 72. The other 
input to the AND circuit is on line 73 and 
comprises the now negative signal from Re- 
sponse Delay input terminal 63. Therefore, 

20 AND circuit 72 operates by supplying a 
positive output on line 74 to the OR circuit 
70, thereby latching the OR circuit until 
such time as the input on line 73 to the AND 
circuit again goes positive. As a result of 

25 this latdied condition, the AND circuit 
supplies a continuous positive output signal 
on line 75 to delay circuit 76. The delay 
circuit includes normal resistance-capacit- 
ance means for inverting and delaying the 

30 positive signal on line 75 for approximately 
three phases of the clock. Hence, a positive 
signal appearing on line 75 at phase 0 of 
the clock is delayed until approximately 
phase 3 of the clock. At this time, a con- 

35 tinning negative signal is supplied by the 
delay 76 on line 68 to AND circuit 53. 
This negative sfghal will continue to appear 
on line 68 until the latched output of AND 
: circuit 72 turns off. 

40. At phase 1 of the clock in the following 
cycle thereof, a positive signal appears at 
input 65 to NOT circuit 67. This circuit 
inverts the signal, thereby applying a nega- 
tive input to AND circuit 53. Input 52 

45 thereto has already been latched negative 
by the output of OR circuit 36. Hence, at 
this subsequent phase 1, the AND circuit 
53 operates to provide a positive output 
for the duration of the phase 1 clock pulse 

50 on output line 77 to H-OR circuit 78. 

OR circuit 78 and —AND circuit 79 com- 
prise another latch circuit. The "General 
Reset" input 80 to AND circuit 79 is nor- 
mally negative, going positive only after all 

55 the data has been transferred. Thus, appli- 
; jcation by AND circuit 53 of the positive 
pulse on input line 77 to OR circuit 78 
causes the OR circuit to produce a negative 
output on line 81 to AND circuit 79, oper- 

60 ating the AND circuit to produce a positive 
sigMl on line 82,. latching the OR circuit 
78. The negative output of the OR circuit 
78 is also -supplied to an output terminal 
83, which remains negative until General 

65 Reset input 80 goes positive. 



The OR circuit 78 of the "Gate Service 
Out" latch thereby becomes activated on 
the phase 1 of the clock cycle occurring a 
predetermined delay time after the first ser- 
vice in has been transmitted to the CPU, 70 
this predetermined delay time being equal 
to the expected delay time between the 
transmission of a service in to the CPU and 
the receipt of a service out therefrom. 

Referring now to Figures 3 and 4, cir- 75 
cuitry is illustrated for detecting the receipt 
of two service outs within a single cycle of 
the clock, thereby indicating an erroneous 
operation. 

In Figure 3, the Gate Service Out signal 80 
at terminal 83 of Figure 2 is supplied at 
"Gate Service Out" terminal 100 as an in- 
put to —AND circuit 101. The other input 
to the AND circuit comprises the phase 0 
clock pulse at input terminal 102. Hence. 85 
the AND circuit is operated upon receipt of 
the negative Gate Service Out signal, the 
operation thereof being interrupted by the 
periodic positive phase 0 clock pulses. The 
output of the AND circuit, when operated. 90 
comprises a positive signal appearing on line 
103 as an input to 4- OR circuit 104. The 
resultant output of the OR circuit is a nega- 
tive signal on line 105, which is supplied 
on line 106 as an input to —AND circuit 95 
107. The other input of the AND circuit 
appears on line 108 and comprises the same 
phase 0 clock pulse as is an input to AND 
circuit 101. Hence, AND circuit 107 is 
similarly operated subject lo periodic inter- 100 
ruptions in operation due to the apphcation 
of the positive phase 0 pulses thereto. The 
positive output of .the AND circuit on line 
109 is supplied as another input to OR cir- 
cuit 104. The OR circuit 104 and AND cir- 105 
cuit 107 thus comprise a latch which is 
op>erat©d for three clock phases, interrupted 
only by the phase 0 pulse. 

The output of OR circuit 104 on Une 105 
is supplied at input 110 to —AND circuit 110 
111 and also on output Hne 112,— 

The phase 0 clock signal is also applied 
at input terminal 113 to drive trigger 114. 
The trigger may be of any standard type 
which changes state upon application of a 115 
positive pulse at the input thereto. In one 
state a positive signal i$ supplied at output 

115 and a n^ative signal supplied at output 
116. In the other state the positive signal 

is supplied at output 116 and a negative 120 
signal at output 115. Since the circuits to 
which the outputs are cormected respond 
to the application of negative signals, the 
trigger is considered to be in State "A" 
when output 115 is negative and will be 125 
considered to be in state "B" when output 

116 is negative. 

Drive **A" is supplied to line 117, to in- 
put 118 of AND circuit 111 and to input 1 19 
of —AND circuit 120. Drive "B" output 130 
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116 is connected to output line 121, input 
122 of —AND circuit 123 and to input 124 
of —AND circuit 125. 

The Drive A output 115 of the binary 
5 trigger thus remains negative for a complete 
cycle of the clock until a phase 0 clock pulse 
is received at input 113. Then, the Drive A 
output becomes positive for the next cycle 
of the clock, etc. Similarly, while Drive A 
10 is positive. Drive B 116 is negative for a 
complete cycle of the clock, becoming posi- 
tive upon application of the next phase 0 
clock pulse at input 113 to the biaary 
trigger. 

15 The Drive A input 118 to the AND cir- 
cuit 111 thus enables the circuit to be oper- 
ated during alternate cycles of the clock. 
The enabling of the AND circuit is limited 
by the "Service Response Window" signal 

20 supplied from OR circuit 104 at input 110 
of the AND circuit. This signal bloclcs the 
AND circuit during the phase 0 clock time. 
The remaining input to the AND circuit 
comprises input terminal 126 as inverted by 

25 NOT circuit 127. the terminal 126 being 
connected to service out line 18 of Figure 
1. Service out signals appearing at inter- 
lock control 14 of Figure 1 on service out 
line 18 are supplied at service out input 

30 126 to NOT circuit 127. This circuit in- 
verts the service out signals for application 
to AND circuit 111 and to input 128 of 
— AND circuit 129. 

A service out signal applied from NOT 

35 circuit 127 to AND circuit 111 while the 
other inputs 110 and 118 thereto are en- 
abled, causes th&^AND circuit to produce a 
positive output signal on line 130 to +OR 
circuit 131. The OR circuit responds by 

40 producing a negative signal on Une 132 to 
—AND ckcuit 133. 

The other input to AND circuit 133 com- 
prises line 134 from AND ckcuit 123. AND 
circuit 123 has two inputs, the drive B in- 

45 put 122, discussed previously, and the input 
from phase 2 cioek input terminal 135, as 
inverted by NOT circuit 136, Drive B is 
positive when AND circuit 1 1 1 is o{>erated. 
Hence, the output of AND circuit 123 is 

50 negative, enabling AND circuit 133. The 
AND circuit 123 is operated only upon the 
coincidence thereat of the negative Drive B 
input and the phase 2 clock pulse from input 
terminal 135, as inverted by NOT circuit 

55 136. Activation of the AND circuit 123 
; ,thereby operates to produce a positive out- 
put on Une 134 to thereby disable AND 
circuit 133. 

' The output of AND circuit 133 is sup- 
60 plied on output line 137, line 138 to OR 
circuit 131, the OR circuit 131 and AND 
circuit 133 thus comprising a latch. 

Since AND circuits 111 and 123 are en- 
abled respectively by the Drive A signal 
65 and the Drive B signal, they are never sim- 



ultaneously enabled. Assuming that the neg- 
ative Drive A input is supplied to AND 
circuit 111 while the Service Response 
Window latch supplies a negative signal at 
input 110, receipt of the service out signal 70 
from the CPU as inverted by NOT circuit 
127, thereby supplies a negative input to 
AND circuit 111 which causes a positive 
pulse to be supplied on line 130 to oper- 
ate OR circuit 131. The OR circuit supplies 75 
a negative signal on line 132 to AND circuit 
133. Since the Drive B input 122 to AND 
circuit 123 is positive, the AND circuit is 
not operated and supplies a negative input 
to AND circuit 133. This AND circuit is 80 
thereby enabled and is op^erated by the out- 
put of OR circuit 131. The AND circuit 
sup^plies its positive output on line 138, 
maintaining the OR circuit 131 in opera- 
tion, thereby latching the output of the OR 85 
circuit. The AND circuit 133 remains en- 
abled, latching the OR circuit, until the clock 
completes its cycle. At that time, the Drive 
B input 122 to AND circuit 123 becomes 
negative. A short time later the clock 90 
enters phase 2, supplying a positive signal 
at input 135, which is inverted by a NOT 
circuit 136 and supplied to the other in- 
put of AND circuit 123. The AND circuit 
thus produces a positive output on line 134, 95 
diabling AND circuit 133. 

Since Drive B is negative. Drive A 118 
input to AND circuit 111 is positive, dis- 
abling that circuit so that a negative signal 
is supplied to OR circuit 131. The subse- 100 
qent disabling of AND circuit 133 at 
phase 2 of the clock thereby causes the OR 
circuit to terminate its negative output on 
line 132. 

In this manner, OR circuit 131 and AND 105 
circuit 133 indicate receipt of a service out 
signal from the CPU during the Service 
Response Window time, the circuits being 
latched until the phase 2 clock time of the 
subsequent cycle of the clock. In net then, 110 
outputs 137 and 139 of AND circuit 133 - 
indicate the receipt of a first service out 
during a single Service Response Window 
that occurs during the Drive A cycle of the 
clock as defined by binary trigger 114. 115 

The output 139 of the AND circuit 133 
is then employed to enable circuitry for de- 
tecting a second service out signal during 
the same Service ResfK>nse Window, an 
error condition. The accomplish this, out- 120 
put 139 is supplied to input 141 of —AND 
circuit 120. As previously explained, AND 
circuit 120 is initially enabled by the Drive 
A signal at input 119 and further enabled 
by application of the delayed "1st Service 125 
Response A" signal at input 141. The ser- 
vice out signals from the CPU on line 18 
of Figure 1 are supplied at input terminal 
142 to the AND circuit 120. The direct 
application of the positive service out sig- 130 
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nal to —AND circuit 120 prevents op^ra-- 
tion thereof until termination of the initial 
service out. This imposes a delay after the 
operation of OR circuit 131 by the initial 
5 service out to prevent operation of the sub- 
sequent circuitry by the same initial ser- 
vice out. The termination of the service 
out supplies a negative input to AND cir- 
cuit 120 operating it to supply a positive 

10 output on line 144 to +OR circuit 145. 

When so operated, OR circuit 145 sup- 
plies a negative signal at output 146. This 
output is supplied to input 147 of —AND 
circuit 148. OR circuit 145 and AND cir- 

15 cuit 148 serve as a latch functioning simi- 
larly to the latch comprising OR circuit 
131 and AND circuit 133. The other input 
to AND circuit 148 comprises line 149 from 
AND circuit 125. One input to the AND 

20 circuit 125 comprises the Drive B signal 
supplied at input 124. This input is posi- 
tive while OR circuit 145 is operated, thus 
causing the AND circuit 125 to supply a 
negative signal on line 149 to thereby en- 

25 able AND circuit 148. The output of the 
OR circuit 145 thus operates AND circuit 
148 to supply a positive signal on line 150 
to the OR circuit, thereby latching the OR 
circuit. AND circuit 148 holds the OR 

30 circuit in the latched condition until the 
clock; completes its cycle and supplies a 
phase 0 signal to binary trigger 114, caus- 
ing Drive B output 1 16 to become negative 
and thereby enable input 124 of the AND 

35 circuit 125. Subsequently, the clock sup- 
plies a phase 1 signal at clock 1 input ter- 
minal 151 whiclr^is inverted by NOT cir- 
cuit 152 to operate AND circuit 125 to 
thereby supply a positive signal to AND 

40 circuit 148. This positive signal disables 
the AND circuit 148, thereby unlatching OR 
circuit 145. 

The output of the OR circuit 145 thus 
comprises a signal called 2nd Service Re- 

45 sponse Synch A which is supplied' to input 
153 of —AND circuit 129. This AND cir-- 
cuit is enabled thereby to detect a second 
received service out signal during the 
cycle of the clock, an erroneous condi- 

50 tion. Input 128 of the AND circuit is 
therefore operated only during the receipt 
at Service Out input terminal 126 of a sec- 
ond service out pulse. This pulse is inver- 
ted by NOT circuit 127 and supplied' to the 

55 . V AND circuit 129. At this time, the indica- 
A tion by OR circuit 145 that the received 
service out signal which is supplied to AND 
cirpuit 129 is the second service out signal 
received during a single phase of the bin- 

60 ary trigger 114 thereby operates the AND 
circuit 129. The AND circuit transmits a 
positive signal on line 154 to +OR circuit 
155. OR circuit 155 thereby transmits a 
negative signal on line 156 to —AND circuit 

65 157. The other input to the AND circuit 



is supplied at "Reset Error" input terminal 
158. This input is normally negative, made 
positive only upon recognition by the pro- 
cess and control circuitry 20 of Figure 1 
that an error has occurred. In view of this 70 
input being normally negative, AND circuit 
157 is thereby enabled to provide a posi- 
tive output at output line 159 and on line 
161 in response to the negative signal from 
OR circuit 155. The positive signal on line 75 
161 thereby latches OR circuit 155. The 
latching is thus maintained until the positive 
reset error signal, is received from process 
and control circuitry 20 in Figure 1. Output 
line 159 from the AND circuit 157 is con- 80 
nected to process and control circuitry 20 
of Figure 1. The positive signal supplied 
from the AND circuit indicates to the pro- 
cess and control circuitry that two service 
outs were received during a single cycle of 85 
the clock. This is an error condition and 
the process and control circuitry will indi- 
cate to the CPU that the error condition 
exists and, by so doing, request further in- 
structions from the CPU. 90 

Another input to OR circuit - 155 is the 
"Drive B 2nd Response Error" input 161. 
This input is derived from the circuitry of 
Figure 4 and indicates that two service 
outs were received during a single Drive B 95 
cycle of the clock. This likewise indicates 
an error and causes operation of OR circuit 
155 and AND circuit 157 to latch and pro- 
vide a positive output on the second re- 
sponse error output 159 to the process and 100 
control circuitry 20 of Figure 1. 

Referring now to Figure 4, the circuitry 
thereat is substantially identical to the de- 
tection circuitry of Figure 3, except that it 
operates to detect two service outs during 105 
the B cycle of the clock. The Service Re- 
sponse Window output from OR circuit 
104 on output line 112 of Figure 3 is con- 
nected to input 200 of AND circuit 201. 
Also from Figure 3, the Drive B output 110 
121 of binary trigger 114 is supplied at 
input terminal 202 of ..AND circuit 201. 
The remaining input to the AND circuit 
is applied at "Service Out" input terminal 
203 to NOT circuit 204, which inverts that 115 
signal for application to the AND circuit. 
Service out input terminal 203 is connec- 
ted to the Service out line 18 of Figure 1 
for the receipt of positive service out sig- 
nals from CPU 10. Thus, Service Response 120 
Window input 200 and Drive B input 202 
enable AND circuit 201 to detect the re- 
ceipt of a service out during a Service Re- 
sponse Window time of the B cycle of the 
clock. 125 

If such a service out signal is received, 
AND circuit 201 operates by suoolying a 
positive output on line 205 to +OR circuit 
206. The OR circuit responds by supplying 
a negative signal on line 207 to —AND 130 
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circuit 208. The other input to the AND 
circuit appears on line 209 and is derived 
from —AND circuit 210. The inputs to 
that AND circuit comprise Drive A input 
5 211 from the 'binary trigger 114 on Hne 117 
of Figure 3 and the Phase 2 clock input 212 
from the divider-counter 26 of Figure 12. 
The Phase 2 clock signal is supplied to NOT 
circuit 213 w^hich inverts die signal for 

10 application to the AND circuit. Since Drive 
A is opposite in phase to Drive B, die input 
signal at terminal 211 to AND circuit 210 
will be positive whenever AND circuit 201 
and OR circuit 206 are operated. Thus, the 

15 output of AND circuit 210 is a negative 
signal on line 209 to AND circuit 208. The 
AND circuit is thereby enabled to be opera- 
ted by the negative output on line 207 from 
OR circuit 206. The AND circuit thus pro- 

20 vides the positive output on line 214 to the 
other input of OR circuit 206 on line 215 to 
—AND circuit 218, and on output line 217. 
The positive input on line 214 to OR circuit 
206 thereby latches the OR circuit on so 

25 that it continues to supply a negative out- 
put on line 207 to maintain the AND cir- 
cuit 208 on to continue providing a positive 
signal on line 215 and on output line 217. 
At the next cycle of the clock. Drive A 

30 input 211 to AND circuit 210 goes negative, 
and at the phase 2 clock time of that cycle 
input 212 goes positive to, after being in- 
- verted by NOT circuit 213, operate AND 
circuit 210 and provide a positive output 

35 oh line 209. This ix>sitive signal disables 
the AND circuit 208 and terminates the 
positive output Hherefrom. 

Delay circuit 216 inverts and delays an 
applied signal slightly more than one phase 

40 of the clock. The delayed and inverted 
signal is then applied to AND circuit 218. 
Another input to AND circuit 218 
is the Drive B signal from the binary trig- 
ger 114 of Figure 3 supplied at input ter- 

45 minal 219. The Drive B pulse together 
with the output of AND circuit 208 there- 
by enables AND circuit 218 for operation 
immediately after the detection by OR cir- 
cuit 206 of the first received service out 

50 during the "B" clock cycle. The operation 
of AND circuit 218 is delayed, however, 
by the application of the positive service out 
signal from service out line 18 of Figure 1 
input 220 to AND circuit 218 and on line 

55 221 to NOT circuit 222 for application to 
; —AND circuit 223. When the initial service 
out signal terminates, the resultant nega- 
tive signal at input 220 operates AND cir- 
cuit 218 to thereby provide a positive out- 

60 put signal on line 224 to +OR circuit 225. 
OR circuit 225 then provides a negative 
output signal on line 226 to —AND circuit 
223 and on line 227 to —AND circuit 
228. The other input to AND circuit 228 

65 comprises line ,229 from —AND circuit 



230. The inputs to that AND circuit com- 
prise Drive A input 231 from the binary 
trigger 114 of Figure 3 and a Phase 1 clock 
input 232, as inverted by NOT circuit 233. 
Since OR circuit 225 may be operated only 70 
while the Drive B input 219 to AND circuit 
218 is negative, the Drive A input 231 to 
AND circuit 230 is positive. The output 
from AND circuit 230 on line 229 is there- 
fore negative, enabling AND circuit 228. 75 
AND circuit 228 thus provides a positive 
output on line 234 to the OR circuit, there- 
by latching the OR circuit to continue pro- 
viding its negative output on lines 226 and 
227. 80 

The latched; output from OR circuit 225 
thus comprises a window signal called 2nd 
Service Response Synch B which enables 
AND circuit 223 to detect a second service 
out during a single "B" cycle of the clock. 85 
The other input to AND circuit 223 com- 
prises the inverted service out signal from 
NOT circuit 222. Hence, hne 226 and NOT 
circuit 222 are both negative upon detec- 
tion of the second service out, thereby 90 
operating AND circuit 223 to provide a 
positive signal on "Drive B 2nd Response 
Error" output line 235. As discussed with 
respect to Figure 3, the output signal on 
line 235 is supplied to input terminal 160 95 
of Figure 3 and employed to operate the 
error indicating circuitry thereof. 

Referring now to Figure 5, the circuitry 
shown therein is employed to detect the 
absence of a service out signal during any 100 
time period when one is expected. 

As discussed previously, AND circuit 133 
of Figure 3 is latched upon detection of a 
first service out signal received dming the 
Service Response Window at the cycle of 105 
the clock wherein Drive A is operated. 
Likewise, AND circuit 208 of Figure 4 is 
latched on upon detection of a first service 
out signal received during the Service Re- 
sponse Window of the cycle of the clock 110 
wherein -Drive B is oi>erated. Each of these 
AND circuits remains latched until dis- 
abled at the Phase 2 clock time of the fol- 
lowing clock cycle. Hence, if the first or 
only service response was received during 115 
the Service Response Window, the proper 
AND circuit would remain latched on until 
the phase 2 clock time of the following clock 
cycle. Therefore, either AND circuit 133 
of Figure 3 or AND circuit 208 of Figure 120 
4 must be on at phase 0 clock time of that 
following clock cycle if a proper service 
out signal was received. 

To accomplish this check, output line 
137 of AND circuit 133 of Figure 3 is con- 125 
nected to "1st Service Response A" input 
terminal 250 to -hOR circuit 251, and out- 
put line 217 from AND circuit 208 of Fig- 
ure 4 is connected to "1st Service Resp)onse 
B" input terminal 252, also connected to OR 130 
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circuit 251. If either of these AND circuits 
is on, a positive signal will be supplied to 
the corresponding input terminal 250 or 252, 
thereby operating the OR circuit. The OR 
5 circuit then applies a negative output signal 
on line 253 to NOT circuit 254. The NOT 
circuit inverts the signal, thereby supplying 
a positive output on line 255 to —AND 
circuit 256, thereby indicating that a service 
10 out was received. 

AND circuit 256 is employed to sample 
the output of NOT circuit 254 at the phase 
0 clock time immediately after any service 
out signal is expected. To enable the AND 

15 gate only at those times when service outs 
are expected, the negative Gate Service Out 
signal on line 83 of Figure 2 from OR cir- 
cuit 78 is employed as the "Gate Service 
Out" mput 257 to the AND circuit 256. As 

20 discussed previously, this signal is operated 
at the phase 1 clock time when the first 
service out signal is expected on line 18 of 
Figure 1 from the CPU and maintains the 
operated negative output undl reset after 

25 all the service outs have been received. 
The sample control input to AND circuit 
256 comprises phase 0 clock input terminal 
258 which is connected to NOT circuit 259. 
At clock 0 time, a positive signal is applied 

30 to terminal 258 and inverted by NOT cir- 
cuit 259 to enable AND circuit 256. 

Thus, at the phase 0 time of the clock 
cycle immediately after the clock cycle when 
Gate -Service Out input 257 to tlie AND 

35 circuit was operated;, AND circuit 256 is 
enabled to be opey'ated upK>n the presence 
of a negative §ignal on line 255. Such a 
negative signal would indicate that no ser- 
vice out was detected during the immedia- 

40 tely preceding Service Response Window. 

Such a condition is an error and is de- 
signated by AND circuit 256 providing a 
pK>sitive signal on line 260 to -fOR circuit 
261. OR circuit 261 then provides a nega- 

45 -tive output signal on line 262 to —AND 
circuit 263. The other input to AND circuit 
263 comprises "Reset Error" input terminal 
264. This input is normally negative, be- 
coming positive only after the process and 

50 control circuitry 20 of Figure 1 has recog- 
nized the error condition and then supplies 
■ a positive input thereto. Since input 264 is 
negative upon operation of OR circuit 261, 
AND circuit 263 supplies a positive output 

55 ; on output line 265 and on line 266 to OR cir- 
cuit. 261. The positive £?ignal on line 266 
latches OR circuit 261 so that it continues to 
supply its negative output to the AND circuit 
263. The resultant latched positive output 

60 signal on line 265 is transmitted to the pro- 
cess and control circuitry 20 of Figure 1, 
thereby indic9.ting the occurrence of the 
"overrun" error.. Overrun means that more 
data has been transmitted to the CPU than 



the CPU has received and so indicated by 65 
transmission of service out signals. 

Process and control circuitry 20 of Fig- 
ure 1 detects the occurrence of the error 
condition by the signal on line 265 and so 
informs the CPU 10. Upon proper recogni- 70 
tion of this error, the process and control 
circuitry 20 supplies a positive signal to 
input 264 to AND circuit 263. This positive 
signal disables AND circuit 263, terminating 
its positive output on Lines 265 and 266. 75 
Thus, OR circuit 261 is also disabled and 
the latch thereby turned off. 

Referring now to Figure 6, circuitry is 
illustrated for driving the counter of Figure 
8 and for detecting that all of the data to 80 
be transferred between the CPU and the 
control unit have been accounted for by 
means of service outs from the CPU. 

The Drive A output signals from line 
117 of binary trigger 114 of Figure 3 are 85 
supplied at "Drive A" input 300 to —AND 
circuit 301. The Drive B output from line 
121 of the binary -trigger in Figure 3 is , 
supplied at "Drive input 302 to —AND 
circuit 303. An input to both AND circuits 90 
comprises "Response Delay" input 304 to 
delay circuit 305. The delay circuit inverts 
the Response Delay input signal and sup- 
plies the same to, respectively, input 306 of 
AND circuit 301 and input 307 of AND cir- 95 
cuit 303 after a delay of slightly more than 
one pha^ of the clock. The delay prevents 
premature termination of the output of the 
circuitry of Figure 6 after the Response 
Delay input becomes negative. As discussed 100 
previously with respect to input 63 of Fig- 
ure 2, the Response Delay input is initially 
positive, becoming negative a predeter- 
mined time after the initiation of the Run 
Clock Output signal on line 55 of Hgure 2 105 
to the input terminal 27 of the clock of 
Figure 12. This predetermined time is estab- 
lished by the circuitry of Figure 8, as will 
be explained hereinafter, as driven by the 
presently described circuitry of Figure 6. 110 

Hence, Response Delay input 304 is thus 
initially a positive signal inverted by delay 
circuit 305 and suppUed to input 306 of 
AND circuit 301 and input 307 of AND cir- 
cuit 303. This input, together with either 115 
the Drive A or Drive B input enables the 
AND circuits 301 and 303 for alternate 
cycles of the clock of Figure 12. 

As the clock is initiated by the Run 
Clock input thereto, and once every cycle 120 
thereafter, the clock supplies a phase 0 
clock pulse at input terminal 308 to NOT 
circuit 309. The phase 0 clock pulse is thus 
inverted by NOT circuit 309 and supplied 
to input 310 of —AND circuit 311, input 125 
312 to AND circuit 301, and input 313 to 
AND circuit 303. The inverted clock sig- 
nals thereby operate AND circuit 301 dur- 
ing the "A" cycles of the clock and AND 
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circuit 303 during the "B" cycles of the 
clock. The positive output of AND circuit 
301, when operated, on line 314 is inverted 
by NOT circuit 315 and the resultant nega- 
5 tive signal supplied on "Drive AO" output 
line 316. The positive output of AND cir- 
cuit 303, when operated, on line 317 is inver- 
ted by NOT circuit 318 and the resultant 
negative signal supplied on "Drive BO" out- 

10 put line 319. As will be explained herein- 
ai^ter, these "AO" and "BO" outputs are sup- 
plied to the circuitry of Figure 8 for deter- 
mining the predetermined Response Delay. 
The remainder of the circuitry of Figure 

15 6 comprises means for detecting that the last 
service out has been received from the CPU 
and resetting the interlock control circuitry 
as a whole. 

The circuitry of Figure 10, as will be ex- 

20 plained hereinafter, supplies a negative 
"Byte 0" signal to input terminal 320 of 
AND circuit 311. At the next following 
phase 0 clock pulse, NOT cux^uit 309 sup- 
plies a negative signal at input 310 to the 

25 AND circuit. This negative signal operates 
the AND circuit to supply a positive output 
on line 321 to the 4- OR circuit 322. OR 
circuit 322 responds by supplying a nega- 
tive output on output line 328 and on line 

30 324 to —AND circuit 325. The other input 
to the AND circuit comprises the phase 3 
dock input 326. This input is normally 
negative except for application thereto of 
the positive Phase 3 clock pulse. Hence, the 

35 normally negative input enables the AND 
circuit to respond to the operation of OR 
circuit 322, which occurs during clock zero 
time. The AND circuit thus responds by 
supplying a positive output on line 327 to 

40 the OR circuit 322. The AND circuit there- 
by latches the operation of OR circuit 322 
until the subsequentiy appearing Phase 3 
clock pulse. This pulse, being positive, dis- 
ables the AND circuit and unlatches the OR 

45 circuit 322. In this manner, the output of, 
OR circuit 322 is negative for the phase 0, 
1 and 2 portions of the cycle of the clock 
when a Byte 0 signal has been received, 
and is disabled at the reception at AND 

50 circuit 325 of the phase 3 clock pulse. The 
output of the OR circuit at 322 is also sup- 
plied on Ime 328 to —AND circuit 329. 
The other input to the AND drcuit coni- 
prises the phase 1 clock input 330 which is 

55 supplied to and inverted by NOT circuit 
- 331. Since the output of the OR circuit is 

' normally positive, except for the negative 
signal lasting for three phases of the clock 
after the Byte 0 signal has been received, 

60 the AND ckcuit is enabled to pass only the 
inverted phase 1 dock pulse during that 
time period. Thus, after receipt of the Byte 
0 input signal at input terminal 320, AND 
circuit 329 produces a positive output pulse 

65 on output line 332 during the immediately 



following phase 1 time. The signal on out- 
put line 322 is thus normally negative sub- 
ject to the provision of a positive pulse 
when all of the data transferred between 
the CPU and the control unit has been 70 
accounted for by the receipt of service out 
signals from the CPU. This output signal 
on line 332 is called the ''General Reset" 
output. Its function is to cause a general 
reset of the interlock control circuitry 14 75 
of Figure 1. 

Referring now to Figure 7, circuitry is 
illustrated for detecting that the number of 
service outs have been received from the 
CPU which is equivalent to the number of 80 
blocks of data to be transferred between 
the CPU 10 and the control unit 12 of 
Figure 1, less the number of cycles of the 
clock of Figure 12 comprising the delay be- 
tween transmission of a service in signal on 85 
line 19 to the CPU and subsequent receipt 
of the corresponding service out on line 
18 at the control unit, as shown in Figure 
1. At that time, due to the delay, a service 
in must have been transmitted to the CPU 90 
10 for each block of data to be transmitted 
between the CPU and the control unit. Thus, 
the output of the circuitry of Figure 7 is 
employed to reset the Gate Service In latch, 
comprising OR circuit 36 and AND circuit 95 
40 of Figure 2. Resetting that latch will 
prevent the transmission of additional ser- 
vice ins on line 19 from the control unit 
to CPU. 

The circuitry of Figure 7 comprises a 100 
'—AND circuit 350 having three inputs. 
"Gate Service In" input terminal 351 is con- 
nected to output Une 42 of OR circuit 36, 
illustrated in Figure 2. This output is opera- 
ted to supply a negative signal immedmtely 105 
atfer the *'Go" signal is received from Pro- 
cess and Control circuitry 20 of Figure 1. 
This signal remains negative until such 
time as an output is supplied from the cir- 
cuitry of Figure 7 to input terminal 44 of 110 

Figure 2. Hence, the input signal from terr 

minal 351 is continuously negative, enabl- 
ing the AND circuit, so long as service in 
signals are being gated from the control 
unit. 115 

Another input to the AND circuit 350 
comprises phase 1 clock input 352 whidi is 
supplied to and inverted by NOT circuit 
353. Thus, at every phase 1 of the clock, 
a positive pulse is received at input ter- 120 
minal 352, inverted by NOT circuit 353, 
and supplied to the AND circuit. In this 
manner, inputs 351 and 352 cause the AND 
circuit 350 to be enabled during the Phase 
1 clock time of every clock cycle while ser- 125 
vice ins are being transmitted from the con- 
trol unit to the CPU. 

The third input to AND circuit 350 com- 
prises "Counters Compare" input 354. As 
win be discussed hereinafter with respect 130 
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to Figure 9, a negative signal is supplied at 
input 354 when the byte counter, which 
counts the number of service out signals re- 
ceived from the CPU, is equal to the delay 
5 counter, which establishes the number of 
cycles of the clock equal to the delay be- 
tween the transmission of a service in to the 
CPU and receipt therefrom of a corres- 
ponding service out The Counters Com- 

10 pare input indicates that the two counters 
are equal. Hence, this equality represents 
that the number of service out signals; yet 
to be received from the CPU is equal to the 
delay between the transmission of the ser- 

15 vice in and the receipt of the corresponding 
service out. Therefore, all of the service ins 
representing the totality of data to be trans- 
ferred between the CPU and the control 
unit for the instant record have been trans- 

20 mitted to the CPU. 

AND circuit 350 responds to the Coun- 
ters Compare signal at Phase 1 clock time 
by producing a positive output on line 355 
to -fOR circuit 356. The OR circuit thus 

25 responds by producing a negative output 
signal on line 359 to —AND circuit 360. 
The other input to AND circuit 360 com- 
prises "General Reset" input terminal 361. 
Input terminal 361 is connected to "Gen- 

30 eral Reset" output hne 332 from AND 
circuit 329 of Figure 6. As discussed with 
respect to Figure 6. the signal on output 
line 332 is normally negative, going posi- 
tive only after all service outs representing 

35 the total number of blocks of data trans- 
ferred between the CPU and the control 
unit have been>:received from the CPU. 
This input thus can go positive only a pre- 
determined number of clock cycles after 

40 .AND circuit 350 is operated. AND circuit 
350 and OR circuit 356 therefore produce 
the negative output to AND circuit 360 
prior to the negative input at input terminal 
361 becoming positive. Hence. AND circuit 

45 360 is enabled by the negative input from 
terminal 361 when OR circuit 356 supplies 
the negative output on line 359. 

AND circuit 360 thereby operates and sup- 
plies a positive output on Counters Equal 

50 output line 362 to terminals 44 and 54 of 
Figure 2 and on line 363 to the OR circuit 
365. The positive signal on line 363 latches 

; the OR circuit until the positive General 
Reset signal is received from the circuitry 

55. of Figure 6. At that time, the AND circuit 
360 is disabled and terminates operation of 
the OR circuit 356. 

,The positive signal on Kne 362 to ter- 
minal 44 of Figure 2 disables AND circuit 

60 40 of Figure 2 which, in turn, disables OR 
circuit 36. Disabling of the OR circuit also 
causes disabhng of AND circuit 48, there- 
by preventiiflg the transmission of any fur- 
ther service in. signals on line 19 to the 

65 CPU. 



The circuitry of Figure 7 therefore indi- 
cates that the sufficient number of service 
out signals have been received from the 
CPU which, when taken together with the 
predetermined delay required for transmis- 70 
sion of a service in signal and the receipt of 
the corresponding service out signal, points 
out that the service in signal transmitted im- 
mediately prior to the provision of the Coun- 
ters Equal signal on output line 362 was the 75 
last service in signal to be transmitted to 
the CPU. The total number of service ins 
thus allowed to be transmitted to the CPU 
comprises precisely the number of bytes of 
data included in the record being trans- 80 
f erred. 

Additionally, when latched on, the AND 
circuit 360 supplies a positive signal to in- 
put 54 of trigger 51 in Figure 2. This sig- 
nal has no effect on the operation of the 85 
trigger, the trigger maintains a positive out- 
put on line 55. The trigger remains on until 
AND circuit 360 is turned off. The trigger 
51 responds to the negative-going signal at 
input 54 by switching to the negative state, 90 
supplying a negative signal at output line 
55. In this manner, the clock of Figure 12 
is kept running until AND circuit 360 is 
turned off by the General Reset input pulse 
at input 361. 95 

Referring now to Figure 8. a binary- 
coded counter is illustrated for counting 
the cycles of the clock of Figure 12 as de- 
fined by binary trigger 114 of Figure 3 and 
die circuitry of Figure 6, This count is 100 
then employed by the compare logic of 
Figure 9, discussed hereinafter, to establish 
the predeteimined resix>n$e delay time. 
This predetermined delay time comprises 
the delay to be expected for transmission of 105 
the service in on line 19 to the CPU and 
the receipt of the corresponding service out 
on line 18 from the CPU at the control 
unit, as illustrated in Figure 1. Since it is 
expected that no round-trip cable delay 110 
wiU comprise more than seven cycles of the 
clock, the counter of Figure 8 is arranged 
to count to a maximum of 7. 

In Figure 8, "Drive AO" input terminal 
400 is connected to "Drive AO" output line 115 
316 of Figure 6. Likewise, "Drive BO" in- 
put terminal 401 is connected to "Drive 
BO" output line 319 of Figure 6. The Drive 
AO input 400 is connected to NOT circuit 
402. The NOT circuit inverts the negative 120 
AO input pulse for application to +OR cir- 
cuit 403. Drive BO input terminal 401 is 
connected to NOT circuit 404, to input 405 
of —AND circuit 406, to input 407 of 
—AND circuit 408 and input 409 of —AND 125 
circuit 410. The last input to the circuitry 
of Figure 8 comprises "General Reset" in- 
put terminal 411. This terminal is con- 
nected to "General Reset" output Une 332 
of Figure 6. The input terminal 411 is 130 
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connected to input 412 of —AND circuit 
413, input 414 of —AND circuit 415 and 
input 416 of —AND circuit 417. As dis- 
cussed with respect to Figure 6, this signal 
5 is normally neg:ative, going positive only 
after all the service outs have been received 
from the CPU for the record being trans- 
ferred between tlie CPU and control unit. 
Therefore, the initial negative input to the 

10 AND circuits 413, 415 and 417 maintains 
those circuits enabled for operation. 

OR circuit 403 responds to each negative 
AO input signal, after being inverted by 
NOT circuit 402, to provide a negative 

15 signal at output 418. When so oper- 
ated, this negative signal is supplied 
to "Latch r' output line 419 and on 
line 420 to an input of AND cir- 
cuit 413. The remaining input to AND 

20 circuit 413 comprises line 421 from NOT 
. circuit 404. Since OR circuit 403 is oper- 
ated by an AO pulse on input terminal 400, 
and the AO and BO inputs operate only on 
alternate cycles of the clock, the input from 

25 terminal 401 to NOT circuit 404 is positive. 
Therefore, NOT circuit 404 supphes a 
negative signal on line 421 enabling AND 
circuit 413. The signal from OR circuit 
403 on line 420 thereby operates AND cir- 

30 cuit 413 to supply a positive signal at out- 
put 422. This positive signal ist supplied on 
*'Not Latch 1" output line 423 and on line 
424 to OR circuit 403. OR circuit 403 and 
AND circuit 413 thereby comprise a latch 

35 the positive signal on line 424 latching OR 
circuit 403 to maintain its negative state at 
output 418. 

The latch comprising OR circuit 403 and 
AND circuit 413 remains on until tlic 

40 following Drive BO pulse is received at in- 
put terminal 401. This negative signal is 
supplied, inter alia, to NOT circuit 404. 
There, tiae negative signal is inverted and 
supplied on Une 421 to AND circuit 413. 

45 This positive signal disables AND circuit 
413, causing it to provide a negative signal 
at output 422. This negative signal is now 
supplied on output line 423 and on line 

424 thereby to disable OR circuit 403. 
50 When so disabled, the OR circuit supplies 

a positive signal at output 418. This p>osi- 
tive signal is now supplied on output line 
419. 

The Drive BO signal is also supplied to 
55 AND circuits 406. 408 and 410. The out- 
>■ put of AND circuit 406 is connected by line 

425 to +OR circuit 426. OR circuit 426 
'has an output 427 connected to "Latch 
2" output line 428, to line 429 and 

60 to feedback line 430. The feedback 
line 430 is connected to a delay cir- 
cuit 431. The delay circuit inverts any 
supplied signal and delays the signal sligjitly 
more than oiae, phase of the clock. The re- 

65 sultant signal is supplied on output line 432. 



Output line 432 is coimected to input 433 of 
AND circuit 406, to input 434 of NOT 
circuit 435 and to input 436 of NOT circuit 
437. 

OR circuit 426 and AND circuit 415 com- 70 
prise a latch, as wiU be explained herein- 
after. The latch is initially off, due to a 
previous General Reset input signal from 
input terminal 411. The latcli being off, OR 
circuit 426 supplies a positive signal at out- 75 
put 427. This positive signal is supplied by 
means of the feedback line 430 to delay 
circuit 431. The delay circuit inverts the 
signal and supplies the resultant negative 
signal on line 432. The negative signal is 80 
supplied! to input 433 of AND circuit 406, 
thereby enabling the AND circuit. The 
negative signal is also supplied to input 434 
of NOT circuit 435 and input 436 of 
NOT circuit 437. Both these circuits 85 
invert the signal, NOT circuit 435 sup- 
plying the resultant positive signal on 
line 438 to AND circuit 408, and NOT cir- 
cuit 437 supplying the resultant positive 
signal on line 439 to AND circuit 410. 90 
Therefore, AND circuits 408 and 410 are 
disabled because of the positive inputs 
thereto. 

The negative BO input pulse at terminal 
401 therefore operates only the AND cir- 95 
cuit 406 to thereby supply a positive signal 
on line 425 to OR circuit 426. OR circuit 
426 resix>nds by supplying a negative signal 
at output 427. The negative signal is sup- 
plied on output line 428, on feedback line 100 
430 and on line 429 to AND circuit 415. 
Delay circuit 431 delays any change in the 
output therefrom until the BO input pulse 
has ceased. Therefore, the feedback has 
no immediate effect on the remainder of the 105 
circuitry of Figure 8. 

Since the input along line 407 to AND 
circuit 408 comprises a positive signal, the 
AND circuit is not operated and there- 
fore supplies a negative signal on Mne 440 110 
to AND circuit 415. This signal, together 
with the signal on input line 414, thereby 
enables the AND circuit to operate as a re- 
sult of the negative pulse on line 429. The 
AND circuit thereby operates by supplying 115 
a po§itive signal at output 441. This posi- 
tive output is then supplied on "Not Latch 
2" output line 442 and on line 443 to OR 
circuit 426. This positive input to the OR 
circuit thereby latches the OR circuit so as 120 
to maintain its negative output. 

Application of the first BO pulse sub- 
sequent to tiie first AO pulse therefore turns 
Latch 1 off and turns Latch 2 on. This 
change is reflected in the change of the 125 
outputs of the latches. Latch 1 output Une 
419 and Not Latch 2 output line 442 switch- 
ing from negative to positive, and Not Latch 
1 output line 423 and Latch 2 output 428 
switcMng from positive to negative. This in- 130 
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dicates that the clock of Figure 12 has be- 
gun its second cycle. 

On the third cycle of the clock another 
AO pulse is received at input terminal 400, 
5 thereby again operating Latch 1. Now, 
both Latch 1 and Latch 2 are operated, in- 
dicating that the clock has begun its third 
cycle. 

At this time, the output of operated OR 

10 circuit 426 on feedback line 430 is nega- 
tive. This negative signal is inverted by 
delay circuit 431 to supply a positive signal 
at its output 432. This positive output is 
supplied at input 433 to AND circuit 406, 

15 thereby preventing operation of the AND 
circuit. The positive signal is also sup- 
plied to input 434 of NOT circuit 435 and 
to input 436 of NOT circuit 437. These 
circuits invert the signal and supply the re- 

20 sultant negative signal on, respectively, in- 
put 438 of AND circuit 408 and input 439 
of AND circuit 410, thereby enabling both 
AND circuits to respond to a subsequent 
Drive BO input pulse. When that pulse is 

25 received, AND circuit 408 operates by 
supplying a positive signal on line 440 to 
AND circuit 415. This positive signal dis- 
ables AND circuit 415, thereby supplying a 
negative signal at output 441. This negative 

30 signal is supplied on output line 442 and 
on Imo 443 to OR circuit 426. The negative 
signal disables OR circuit 426 so that its 
output 427 goes positive, the positive signal 
being supplied on output line 428 and on 

35 feedback line 430. The delay circuit 431, 
however, prevents the feedback signal from 
having an effect "Sn the circuitry of Figure 
8 while the BO input pulse is present. 

AND circuit 410 responds to the BO pulse-^- 

40 by supplying a positive ^output on line 444 
to -fOR circuit 445. OR circuit 445 is thus 
operated to supply a negative signal at out- 
put 446. The negative signal is supplied on 
"Latch 4" output line 447 and on line 448 

45 to AND circuit 417. Since input 416 to 
the AND circuit is negative, the AND cir- 
cuit operates by providing a positive signal 
at output 449. This positive output signal 
is supplied on *'Not Latch 4" output line 

50 450 and on line 451 to OR circuit 445. 
This positive signal thereby latches the OR 
circuit 445 to continue supplying its nega- 
tive output. 

As described previously, the Drive BO in- 

55 = put pulse is again inverted by NOT circuit 
* 404; to supply a positive signal at input line 
421 of AND circuit 413. This positive signal 
thereby causes AND circuit 413 and OR 
circuit 403 to be turned off. 

60 Thus, die second Drive BO input signal 
turns off latches 1 and 2 and turns on latch 
4, thereby indicating that the clock is be- 
ginning its fourth cycle. 

The next Drive AO input pulse again 



operates Latch 1, indicating that the clock 65 
is entering its fifth cycle. 

The next Drive BO input pulse at input 
terminal 401 again turns off Latch 1. Since 
Latch 2 is off, the output 427 from OR cir- 
cuit 426 is positive. This positive signal 70 
is supplied on feedback hne 430 and in- 
verted by delay 431. The negative output 

432 of the delay circuit is supplied at input 

433 of AND circuit 406, thereby enabling 
that circuit. NOT circuits 435 and 437 75 
again invert the negative output of delay 
431 and supply the resultant positive signal 

on lines 438 and 439, respectively, thereby 
preventing operation of AND circuits 408 
and 410. The third BO Drive pulse there- 80 
fore operates only AND circuit 406 to 
supply a positive signal to OR circuit 426, 
thereby operating Latch 2. At this time. 
Latches 2 and 4 are on and Latch 1 is off, 
thereby indicating that the clock has be^un 85 
its sixth cycle. 

The next Drive AO pulse at input ter- 
minal 400 again operates Latch 1. At this 
time. Latches 1, 2 and 4 are all on, in- 
dicating that the clock is beginning its 90 
seventh cycle. 

The circuitry of Figure 9 is arranged to 
detect the desired output of the circuitry 
of Figure 8 during one of die first 7 cycles 
of the clock. The circuitry of Figure 9 re- 95 
sponds by producing a "Response Delay" 
output w^hidh terminates production of the 
AO and BO pulses by the circuitry of Figure 
6 and thereby prevents further counting by 
the circuitry of Figure 8. 100 

After all the service outs have been re- 
ceived from the CPU indicating that an en- 
tire record ^has - been transferred between 
the CPU and the control unit, the circuitry 
of Figure 6, as explained previously, sup- 105 
plies a positive signal at General Reset in- 
put terminal 411 of Figure 8. This positive 
signal is applied to input 412 of AND cir- 
cuit 413. input 414 of AND circuit 415 and 
input 416 of AND circuit 417. This posi- 110 
tive signal causes each of the AND circuits 
413, 415 and 417 to be disabled and supply 
a negative output, thereby disabling the cor- 
responding OR circuits 403, 426 and 445. 
The General Reset signal thereby turns off 115 
each of the latches to prepare for the trans- 
fer of a subsequent record between the CPU 
and the control unit. 

Referring now to Figure 9, circuitry is 
shown for employing the output of the 120 
counter of Figure 8 to establish the predeter- 
mined delay equivalent to the round-trip de- 
lay required for the transmission of a service 
in to the CPU and the receipt of the cor- 
responding service out at the control unit 125 
from the CPU. The circuitry of Figure 9 
also compares the count comprising this 
predetermined delay with the output of the 
bi'te counter of Figure 10 until that counter 
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has counted down to an equality with the 
delay count. At that time, all of the service 
ins corresponding to the number of bytes 
of transfer data have been transmitted from 
5 the control unit. Hence, as discussed with 
respect to Figures 7 and 1, the transmission 
of further service ins to the CPU is then 
terminated. 

Eight input lines are supphed to the cir- 

10 cuitry of Figure 9 from Process and Control 
circuitry 20 of Figure 1. These input lines 
are supplied to "Stop at 0" input terminal 
500, "Stop at 1" input terminal 501, "Stop 
at 2" terminal 502, "Stop at 3" terminal 

15 503, "Stop at 4" terminal 504, "Stop at 5" 
terminal 505, "Stop at 6" terminal 506 and 
"Stop at 7" terminal 507. 

Only one of these input lines is activated 
by means of a negative signal applied 

20 thereto, the remaining 7 lines having a posi- 
tive signal thereat. The one line having 
the negative signal may be selected by 
means of manual switches in the control 
unit 12 of Figure 1. The input hne so 

25 selected designates the number of cycles of 
the clock of Figure 12 equal to the round- 
trip delay for the transmission of a service 
in on Une 19 of Figure 1 and the receipt of 
the corresponding service out at the control 

30 unit from line 18. 

Input terminal 500 is connected to 

— AND circuit 510, input 501 connected to 
—AND circuit 511, input 502 connected to 
—AND circuit 512, input 503 connected to 

35 —AND circuit 513, mput 504 connected to 

— AND circuit 514, input terminal 505 
connected to ^AND circuit 515, input 
terminal 506 connected to —AND circuit 
516 and input terminal 507 connected to 

40 —AND circuit 517. 

Thus, the negative input signal at one of 
the terminals 500 through 507 enables the 
corresponding one of the AND circuits 510 
through 517 and the positive input at the 

45 remaining input terminals prevents opera- 
tion -of- any of the other AND circuits. 

This enabling signal remains negative un- 
til the manual switches on the control unit 
12 are reset. 

50 "Not Latch 1" input terminal 518 is con- 
nected to output line 423 of Figure 8. This 
input terminal is connected to input 519 of 
AND circuit 510, input 520 of AND cir- 
cuit 512, input 521 of AND circuit 514 and 

55 input 522 of AND circtiit 516. "Not Latch 
; 2" input terminal 523 is connected to output 
line 542 of Figure 8. This input terminal 
is connected to input 524 of AND circuit 
510, input 525 of AND circuit 511. input 

60 526 of AND circuit 514 and input 527 of 
AND circuit 515. "Not Latch 4" input 
terminal 528 is connected to output line 450 
of Figure 8. Hiis terminal is connected to 
input 529 of" AND circuit 510, input 530 of 

65 AND circuit 5H, input 531 of AND circuit 



512 and input 532 of AND circuit 513. 
"Latch 1" input terminal 533 is connected 
to output line 419 of Figure 8. This in- 
put terminal is connected to input 534 of 
AND circuit 511, input 535 of AND circuit 70 
513, input 536 of AND circuit 515 and in- 
put 537 of AND circuit 517. "Latch 2" in- 
put terminal 538 is connected to output line 
428 of Figure 8. This terminal is connected 
to input 539 of AND circuit 512, mput 540 75 
of AND circuit 513, input 541 of AND cir- 
cuit 516 and input 542 of AND circuit 517. 
"Latch 4" input . terminal 543 is connected 
to output hne 447 of Figure 8. This input 
terminal is connected to input 544 of AND 80 
circuit 514, input 545 of AND circuit 515, 
input 546 of AND circuit 516 and input 
547 of AND circuit 517. 

The input terminals 518, 523, 528, 533, 
538 and 543 are thus distributed to the in- 85 
puts of those of the AND circuits 510 
through 517 designated by the binary en- 
coded value of that AND circuit. Thus, 
AND circuit 510 has as its input 500 the 
"Stop at 0" input, and therefore is con- 90 
nected to those of the input terminals 518, 
523 and 528 having a binary encoded value 
of 0. AND circuit 511, representing the 
number 1, therefore substitutes "Latch 1" 
input 533 for the "Not Latch 1" input 518. 95 
The remaining AND circuits are similarly 
connected to those of the inputs which pro- 
vide the proper binary encoding. 

Output 548 of AND circuit 510 is con- 
nected to NOT circuit 549 and, via line 550 100 
to -fOR circuit 551. The NOT circuit 
549 is connected over line 552 to —AND 
circuit 553. The other input to the AND 
circuit comprises "Byte 0" input terminal 
554 from Figure 10. The output of the 105 
AND circuit is supplied on Ime 555 to 
+ OR circuit 556. 

The remaining circuitry of Figure 9 is 
similarly constructed, output 557 of AND 
circuit 511 being connected to NOT cir- 110 
cuit 558, and over line 559 to the OR cir- 
cuit 551. The NOT circuit 558 is connected 
by line 560 to —AND circuit 561, the other 
input thereto comprising "Byte 1" input 
terminal 562 from Figure 10. Line 563 con- 115 
nects the output of AND circuit 561 to OR 
circuit 556. Output 564 of AND circuit 
512 is connected to NOT circuit 565 and on 
line 566 to the OR circuit 551. Output 567 
of NOT circuit 565 is connected to AND 120 
circuit 568, having "Byte 2" input 569 as the 
other input and the output supplied on line 
570 to OR circuit 556. 

The remaining portions of the circuitry 
of Figure 9 are similarly arranged, outputs 125 
571_575 of AND circuits 513—517 being 
connected to NOT circuits 576—580. The 
outputs 571 — 575 of AND circuits 513—517 
are also connected by lines 581 — 585 to OR 
circuit 551. NOT chx^uits 576—580 are 130 
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connected by lines 586 — 590 to one input of 
AND circuits 592 — 595, the other input 
thereto comprising respectively, "Byte 3" 
input 596, "Byte 4" input 597, "Byte 5" 
5 input 598, "Byte 6" input 599 and "Byte 7" 
input 600. Lastly, the outputs'of AND cir- 
cuits 591 — 595 are connected by lines 601 — 
605 to OR circuit 556. 

The output of OR circuit 551 comprises 

10 "Response Delay" output line 606 to 
Figures 2 and 6. The output of OR circuit 
556 comprises "Counter Compare" output 
line 607 to Figure 7. 

Therefore, the selected one of the input 

15 terminals 500—507 enables the correspond- 
ing AND circuit 510 — 517 so that only that 
AND circuit responds to the digitally en- 
coded output of the counter of Figure 8 
represented by the selected AND circuit. 

20 When the count of that delay counter 
equals the amount designated by the selected 
AND circuit, the AND circuit is operated 
to supply a positive output signal to OR 
circuit 551. The OR circuit responds by 

25 supplying a negative output on Response 
Delay output line 606 to Figures 2 and 6. 

The positive output of the selected AND 
circuit 510 — 517 is also inverted by the im- 
mediately following NOT circuit 549. 558, 

30 565, 576 — 580 and supplied to the next 
AND- circuit 553, 561, 568, 591—595. The 
other input of the AND circuit comprises 
the output of tJie byte counter of Figure 
10. Upon the byte counter being counted 

35 down "to the value represented by the selec- 
ted AND circuit 510—517, the correspond- 
ing AND circuit>t553, 561, 568, 591—595 
then provides a positive output to OR cir- 
cuit 556. The OR^ -circuit responds^ by,, 

40 gupplying a negative signal ^ on Counters 
Compare output line 607 to Figure 7. 

Referring now to Figure 10, a byte 
counter is illustrated which may be set to 
the number of bytes in a record to be trans- 

45 ferred between the CPU and the control 
unit. The byte counter is being counted 
down from that set value for each service 
out signal received from die CPU. The out- 
puts of the byte counter are supplied to 

50 Figures 6 and 9 to indicate the present count 
of the counter representing the number of 
scervice outs expected from the CPU. 

In Figure 10 byte counter 650 comprises 
a thirteen -stage ordinary ring counter. The 

55 jing counter is arranged so that one of 12 
>- of the 13 stagey may be turned on by means 
of a positive signal appearing at a selected 
one of the input lines 651 — 662. Each of 
the 13 stages is interconnected so that opera- 

60 tion of the stage which is turned on wUl be 
transferred to the immediately adjacent 
lower numbe^red stage upon application of a 
positive service out signal from the CPU 
at "Service Oiit" input terminal 663 ap- 

65 plied to the ring counter at the "Step" in- 



put 664. Hence, if stage number 9 of the 
ring counter 650 happens to be on, ap- 
plication of a service out signal at input 664 
causes stage 8 to turn on and stage 9 to 
turn off. Stage 0 is, however, not con- 70 
nected to stage 12, Hence, the counter 
will not step beyond stage 0. Output lines 
665 — 672 are connected to certain ones of 
the stagers and supply a negative output 
signal thereon whenever the associated stage 75 
is operated. Otherwise, the output lines are 
normally positive. These output signals are 
supplied by the output lines 665 — 672 to 
Figure 9. Output line 672, representing 
byte 0 is additionally supplied to Figure 6. 80 

One of the input lines 651 — 662 whch is 
activated to operate the corresponding stage 
of the ring counter 650 is controlled by the 
negative input signal supplied on a selected 
one of inputs 673 — 684. These input ter- 85 
minals are all connected to the Process and 
Control circuitry 20 of Figure 1 and the 
negative signal supplied on ^the one of the 
lines representing the nunaber of bytes of 
data included in the record to be transferred 90 
between the CPU and the control unit. The 
signal on the selected line is gated to the 
ring counter by means of a positive pulse 
at '*Go" input terminal 685. The *'Go" 
input pulse from Process and Control cir- 95 
cuitry 20 of Figure 1 is discussed with re- 
spect to Figure 2 and initiates operation of 
the total interlock control. The positive 
"Go" input signal is inverted by NOT cir- 
cuit 686 and supplied on lines 687 and 688 100 
to —AND circuits 689 — 701, thereby oper- 
ating the one AND circuit enabled by the 
signal from the corresponding input 673 — 
-^S4. The operated one of the- AND cir- 
"ciiits supplies a positive output signal on 105 
the corresponding one of lines 651 — 662 to 
the selected stage of the ring counter 650. 

The operated stage of the counter re- 
presents the number of bytes in the record 
to be transmitted between the CPU and the 110 
control unit. As previously discussed, each 
byte that is transferred therebetween is either 
accompanied from the control unit by, or 
ordered from the CPU by, a service in signal 
from the control unit. The CPU responds 115 
by sending a corresponding service out signal 
to the control unit on line 18 of Figure 1. 
The received service out signal appears at 
input terminal 663 to Step input 664 of the 
ring counter 650. Each received service out 120 
thus operateis the next iadjacent numerically 
lower stage of the ring counter and termin- 
ates operation of the previously operated 
stage. 

Hence, if the record to be transferred 125 
contains nine bytes of data, input 676 would 
be actuated and, when gated by AND cir- 
cuit 693 to supply a positive output on line 
654, stage 9 of the ring counter would be 
operated. When the fir§t service out is re- 130 
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oeived from the CPU at Step input 664, 
stage 8 of the ring counter would be oper- 
ated thereby and the operation of stage 9 
terminated. The counter continues to step 
5 down one stage for each service out signal 
received, and output signals supplied to 
Figure 9 from output lines 665 — 672 when 
the corresponding stage is operated. The 
stepping continues until stage 0 of the ring 

10 counter is operated and the resultant neg- 
ative output signal supplied on line 672 to 
the circuitry of Figures 6 and 9. The cir- 
cuitry of Figure 6 responds by supplying 
a positive "General Reset" signal on output 

15 line 332 therefrom to General Reset input 
terminal 702 of Figure 10. This positive 
signal is supplied to input 703 of the ring 
counter and operates to maintain stage 0 of 
the ring counter on and enable the ring tx> 

20 be again set to any count. Thus, any sub- 
sequently appearing positive input signal on 
any of lines 651 — ^662 will turn on the cor- 
responding stage of the ring counter. 

Referring now to Figure 11, the circuit 
25 of interlock control circuitry 14 of Figure 
1 for controlling the Process and Control 
circuitry 20 for the transfer of data from the 
CPU 10 to the control unit 12 and to I/O 
device 13, the write function is illustrated. 

30 The signal indicating that tiie data to be 
transferred is to be transmitted from tlie 
CPU to the control unit is represented by an 
input pulse appearing at "Write" input ter- 
minal 750 of Figure 11. This positive signal 

35 is inverted by NOT circuit 751 and sup- 
plied to — A1S(D circuit 752. Hence, ap- 
plication of the- Write input signal at ter- 
minal 750 enables one of the inputs to 
AND circuit 752. This input signal occurs 

40 before application of the Go input pulse to 
the circuitry of Figure 2 and continues until 
after all of the data has been properly 
transferred to the control unit and a new 
instruction is received from the CPU. 

45 Each byte of data received from tiie CPU 
10 is accompanied by a service out signal 
on line 18. If the interconnection between 
the CPU and the control unit is operating 
properly, each such service out signal will 

50 arrive during the Service Response Window. 
Hence, another input to AND circuit 752 
is "Service Response Window" input 753 
which supplies the negative signal from line 
112 of Figure 3 to the AND circuit. The 

55 service out signals from line 18 at the con- 
trol unit are aJso supplied to "Service Out" 
input terminal 754 to NOT circuit 755. The 
NOT circuit inverts the positive service out 
signals and applies the same to AND circuit 

60 752. Hence, duriilg the write operation, the 
AND circuit 752 is enabled during each 
cycle of the clock of Figure 12 by the 
negative Service Response Window input at 
terminal 753 and a service out signal re- 



ceived during that window causes operation 65 
of the AND circuit 752. 

The AND circuit operates by supplying 
a positive output signal on "Set Bus 
Register" output line 756. This signal is 
transmitted to input-output register 16 of 70 
Figure 1 to gate the register to receive the 
corresponding parallel byte of data on Bus 
Out cable 15 from the CPU. Hence, the in- 
put-output register receives the data and 
subsequently supplies the data to Process 75 
and Control circuitry 20. The data is sub- 
sequently transferred to the Write Data 
Register 21 where it is converted to serial 
data and then supplied to Input-Output De- 
vice 13. 80 

Operation of the Preferred Embodiment 
of the Invention 
Referring particularly to the timing chart 
illustrated in Figure 13, taken together with 
the illustrations of the apparatus shown in 85 
Figures 1 — 12, an example illustrating the 
operation of the disclosed circuitry wUl be 
described. 

Referring to Figure 13, under the heading 
"Read" is the listing of the names of a 90 
plurality of signals, together with the 
numerical designations of input and/ or out- 
put terminals at which the signals appear, 
or of the figures producing the signals, and 
a timing chart illustrating those signals dur- 95 
ing the operation of the described circuitry 
for a selected example. 

In the example selected, the record to be 
transmitted from the CPU to the control unit 
is selected to comprise 11 data bytes and the 100 
round- trip response delay time for trans- 
mission of a service in to the CPU and re- 
ceipt of the resf>onsive service out from the 
CPU comprises four cycles of the clock of 
Figure 12. 105 

Either prior to or at the commencement 
of operation of the disclosed circuitry, a 
manual preset negative signal is applied to 
one of the input terminals 500 — 507 of the 
ciipuitry of Figure 9. This signal design- 110 
at< s the number of cycles of the clock of 
Fixture 12 comprising the above round-trip 
res ponse delay time. In the example 
chosen, this delay amounts to four cycles of 
the clock. Hence, the negative signal is 115 
supplied at input 504. Also, prior to or at 
the commencement of operation of the de- 
scribed circuitry, a negative signal is sup- 
plied at one of the inputs 673 — 684 of the 
circuitry of Figure 10. This signal in- 120 
dicates the number of bytes of data in the 
instant record to be transmitted from the 
CPU to the control unit. In the example 
chosen the number of bytes is 11. Hence, 
the negative input signal is applied to input 125 
terminal 674, thereby enabling AND cir- 
cuit 690. In addition, the process and con- 
trol circuitry 20 of Figure 1 indicates to the 
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interlock control circuitry 14 that the CPU 
has commanded that the next operation is 
a read operation. The process and control 
circuitry makes this indication by supplying 
5 a continuing positive signal to Read input 
terminal 37 of Figure 2. 

Operation of the circuitry is actually be- 
gun by application thereto of a positive Go 
signal from the process and control circuitry 

10 20 of Figure 1. The Go signal is represented 
by positive pulse 800 in Figure 13. As 
shown in Figure 13, this pulse appears at 
input terminals 35 of Figure 1 and 685 of 
Figure 10. The Go pulse at input 35 of 

15 Figure 1, being positive, operates OR circuit 
36. causing the OR circuit to change its out- 
put from positive to negative, the resultant 
transition 801 being shown in Figure 13. 
Since the Counters Equal input signal 802 

20 at input terminal 44 to AND circuit 40 is 
negative, the AND circuit is operated by the 
negative output of OR circuit 36, thereby 
latching the OR circuit 36 and AND circuit 
40 so that the si^ial on output line 42 re- 

25 mains negative. 

The positive Go input signal 800 is also 
applied to input terminal 685 of Figure 10, 
where it is inverted by NOT circuit 686 and 
supplied to AND circuits 689 — 701. As 

30 stated previously, one of the inputs 673 — 
684 to the set of AND circuits is negative. 
In the example chosen here, "Set 11" input 
terminal 674 is assumed to have been preset 
negative. Thus, AND circuit 690 operates 

35 upon application of the inverted Go pulse 
on line 688 to thereby transmit a positive 
signal on line 652 "to operate stage 1 1 of the 
ring counter 650. Transition 803 thus shows 
the change of the ring counter 650 from the 

40 "0" state to the operation of stage 11. 

In Figure 2. the output 801 of OR cir- 
cuit 36 is also applied to input 50 of binary 
trigger 51. This negative-going transition 
801 operates the trigger causing it to supply 

45 a positive output on Run Clock output line 
55 to Figure 12. This positive signal ap- 
pears at input terminal 27 of Figure 12 and 
thereby allows the clock 26 to respond to the 
output of voltage controlled oscillator 25. 

50 The clock 26 responds by providing a posi- 
tive clock 0 output pulse on line 28, the tran- 
sition to the phase 0 state being shown by 
line 804 in Figure. 13. The clock wUl con- 
tinue to step sequentially and repetitively 

55 through the four phases until the sigiial at 
/ input terminal 27 again becomes negative. 
The phase 0 clock signal is supplied to, 
inter , alia, input terminal 113 of Figure 3. 
ThisJ signal operates drive trigger 114 to 

60 switch to the "A" state, supplying a neg- 
ative signal at output 115 and a positive 
signal at output 116. This transition is 
illustrated by- Jine 805 in Figure 13. The 
outputs of tiie drive trigger 114 are supplied 

65 to Drive A input 300 and Drive B input 302 



in Figure 6. These inputs are supplied re- 
spectively to AND circuits 301 and 303, the 
negative Drive A input thereby enabling 
AND circuit 301. Another mput to AND 
circuit 301 comprises the Response Delay 70 
input terminal 304, as inverted by delay cir- 
cuit 305 and supplied at input line 306. The 
polarity of this input signal 806 is positive 
and, after being invertSl by delay circuit 
305, is applied to Uie AND circuit 301. The 75 
remaining input to the AND circuit com- 
prises the phase 0 clock input at terminal 
308. This positive signal is also inverted 
by NOT circuit 309 and supplied to the 
AND circuit 301, thereby operating the 80 
AND circuit. The AND circuit thus sup- 
phes a positive output on line 314, which is 
inverted by NOT circuit 315, to supply the 
negative Drive AO output signal 807 on out- 
put line 316. For the sake of convenience, 85 
both the AO and BO outputs are shown on 
the same line in Figure 13. 

The negative AO output pulse 807 is sup- 
plied at Drive AO input terminal 400 of 
the delay counter of Figure 8. This nega- 90 
tive signal is inverted by NOT circuit 402 
and supplied to OR circuit 403. As dis- 
cussed previously, OR circuit 403 is oper- 
ated, in turn operating AND circuit 413 to 
provide a latched negative output on Latch 95 
1 output line 419 and a positive output on 
Not Latch 1 output line 423. The delay 
counter of Figure 8 has thus switched from 
the "0" state to the *'l" state. This change 
in state is designated by line 808 in Figure 100 
13. 

The clock of Figure 12 then switches to 
the -phase l-:tstate,; prov^iding, a positive out- 
put on hne 29. This change of state is 
designated by line 809 in Figure 13. This 105 
positive signal is supplied, inter alia, at in- 
put terminal 64 of Figure 2 to NOT circuit 
66. The NOT circuit inverts the signal and 
supplies it to AND circuit 48, thereby oper- 
ating the AND circuit. The AND circuit 110 
thus supplies a positive Service In signal 
810 on output line 19. At the same time, 
the termination of the phase 0 clock pulse 
at input 56 to AND circuit 39 operates the 
AND circuit to supply a positive signal 811 115 
on Gate Data line 61 to input-output 
register 16 of Figure 1. The Gate Data 
signal operates the input-output register to 
thereby supply the first available byte of data 
on bus in 17 to CPU 10. At the same time, 120 
the service in signal 810 is supplied on out- 
put line 19 to the CPU 10. 

The clock of Figure 12 continues to oper- 
ate, and once again assumes the phase 0 
state, supplying a positive output on line 125 
28. This signal is again supplied to input 
113 of drive trigger 114, thereby switching 
the trigger to state "B" wherein Drive B 
output 116 is negative and Drive A output 
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115 is positive. This change of state is 
illustrateii by line 812 in Figure 13. 

The positive phase 0 clock pulse is also 
supplied at input terminal 56 to AND cir- 
5 cuit 38 of Figure 2. Tliis positive pulse 
disables the AND circuit to thereby termin- 
ate its positive output signal 811 which 
appears at Gate Data output line 61. 
The negative Drive B signal at output 116 

10 of drive trigger 114 is transmitted by out- 
put line 121 to Drive B input terminal 302 
of AND circuit 303 in Figure 6, The phase 
0 clock pulse is also applied to input ter- 
minal 308, and inverted by NOT circuit 

15 309 and applied to input 313 of the AND 
circuit. As explained previously, input 307 
thereto is also negative, thereby allowing 
the phase 0 clock pulse to enable AND cir- 
cuit 303 to supply a positive output on Hne 

20 317. This positive pulse is inverted by 
NOT circuit 318 and supplied on Drive BO 
output line 319, as illustrated by negative 
pulse 813 in Figure 13. The BO pulse is 
siiiypiied to itipiit teriiiihal 401 of the delay 

25 counter of Figure 8. As explained pre- 
viously, this first BO piilse is inverted by 
NOT circuit 404 arid thereby disables AND 
circuit 413 and OR circuit 403, turning off 
Latch 1 so that Latch 1 output line 419 goes 

30 positive and Not Latch 1 output line 423 
goes negative. The negative BO pulse is also 
applied to input 405 of AND circuit 406. 
This signal operates the AND circuit to 
supply a positive output to OR circuit 426, 

35 thereby operating the OR circuit and, in 
conjunction with the other inputs, operates 
AND circuit 415^ Thus, Latch 2 is operated 
to thereby supply a negative output on Latch 
2 output line 428 and a positive output on 

40 Not Latch 2 output line 442. This change 
of state of the delay counter of Figure 8 
from the "1" to the "2" state is illustrated 
by vertical line 814 in Figure 13. 

The clock of Figure 12 then switches from 

45 phase 0 to phase 1, as illustrated by line 
815. Application of the phase 1 signal thus 
causes AND circuit 48 of Figure 2 to supply 
positive output pulse 816 on Service In out- 
put line 19 to the GPU. Termination of the 

50 phase 0 positive input to AND circuit 39 of 
Figure 2 causes the AND circuit to provide 
positive output pulse 817 on Gate Data out- 
put line 61. 

When the clock again returns to phase 0, 

55 represented by vertical line 818, the posi- 
: tive output signal 817 from AND circuit 39 
of Figure 2 is terminated, binary trigger 114 
of Figure 3 changes back to the *'A'* state 
slibwn by vertical line 819. NOT circuit 

60 315 of Figure 6 supplies the negative Drive 
AO output pulse 820 on output line 316 to 
thereby operate Latch 1 of Figure 8, caus- 
ing the delay counter of Figure 8 to assume 
state "3" as shown by vertical line 821. 

65 Upon switdiing to phase 1, as shown by 



vertical line 822, the clock of Figure 11 
causes AND circuit 48 of Figure 2 to supply 
a service in pulse 823 on output line 19 to 
the CPU and the termination of the phase 0 
input to AND circuit 39 causes the AND 70 
circuit to supply positive output 824 on 
output line 61 to input-output register 16 
of Figure 1. This Gate Data pulse 824 
causes the input-output register to supply 
another byte of data on bus in 17 to the 75 
CPU. 

Vertical line 825 of Figure 13 illustrates 
the assumption of phase 0 by the clock of 
Figure 12 on its next cycle. The phase 0 
clock signal operates drive trigger 114 to 80 
switch to the "B" state, shown by line 826. 
This also terminates the Gate Data output 
puis© 824 and, together with the output of 
drive trigger 114, causes the circuitry of 
Figure 6 to produce a negative Drive BO 85 
output pulse 827. Thus pulse is supplied to 
input 401 of Figure 8. This signal is in- 
verted by NOT circuit 404 to thereby dis- 
able Latch 1. In addition, the negative 
pulse i$ appUed to input 407 of AND cir- 90 
cuit 408, thereby operating the AND cir- 
cuit to provide a positive output on line 440 
to AND circuit 415. This pulse disables 
the AND circuit and thereby turns off Latch 
2. Lastiy, the negative BO pulse is sup- 95 
plied to input 409 of AND circuit 410, 
operating the AND circuit to supply a 
positive output on line 444 to OR circuit 
445, thereby operating Latch 4. Thus, 
Latches 1 and 2 are disabled and Latch 4 is 100 
operated, thereby causing output lines 419, 
428 and 450 to be positive and lines 423, 
442 and 447 to be negative. Line 828 in 
Figure 13 illustrates the assumption by de- 
lay counter of Figure 8 of tiie resultant 105 
count of "4". 

The listed outputs of Figure 8 are sup- 
plied to inputs 518, 523, 528, 533, 538 and 
543 of Figure 9. As discussed previously, 
a negative input is supplied at "Stop at 4" 110 
input 504 to AND circuit 514. Upon the 
operation of Latch 4 and the disabling of 
Latches 1 and 2 of the delay counter of 
Figure 8, input terminals 518. 523 and 543 
of Figure 9 become negative. These three 115 
inputs are connected respectively to lines 
521, 526 and 544 of AND circuit 514. Since 
aU the inputs thereto are negative, the AND 
circuit operates by supplying a positive 
signal at output 572. This signal is inverted 120 
by NOT circuit 577 and the resultant neg- 
ative signal applied on hne 587 to AND cir- 
cuit 592. However, the other input 597 to 
AND circuit 592 is positive, and the AND 
circuit therefore does not operate. The pK>si- 125 
tive output of AND circuit 514 is addition- 
ally supplied on line 582 to OR circuit 551. 
This signal oi>erates the OR circuit so that 
its output on line 606 becomes negative as 
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shown by signal 829. thus terminating the 
Response Delay Signal. 

The negative signal on output line 606 of 
Figure 9 is supplied to input terminal 304 of 
5 Figure 6. This negative signal is inverted 
and delayed slightly more than one phase 
of the clock by delay circuit 305. In this 
manner, the negative BO output signal 827 
is not prematurely turned off. After the de- 

10 lay, the resultant positive signal is applied 
to input 306 of AND circuit 301 and to 
input 307 of AND circuit 303, thereby dis- 
abling both AND circuits. Therefore, the 
supply of Drive AO output signals on line 

15 316 and Drive BO output signals on line 319 
are terminated, thereby additionally termin- 
ating further operation of the .delay counter 
of Figure 8 and maintaining the operation 
of AND circuit 514 of Figure 9. 

20 The negative Response Delay signal is 
also supplied to input terminal 63 of Figure 
2. This signal is applied to one input of 
AND circuit 46 and also over line 73 to 
an input of AND circuit 72. The negative 

25 Gate Service In signal 830 of Figure 13 is 
supplied from OR circuit 36 in Figure 2 to 
input 45 of the AND circuit 46. The re- 
maining input thereto comprises Clock 0 in- 
put 57. This input is positive during the 

30 phase 0 clock time, the positive signal being 
inverted by NOT circuit 62 and applied to 
the AND circuit, thereby operating the AND 
circuit. The resultajit positive output is 
supplied on line 69 to OR circuit 70. OR 

35 circuit 70 and AND circuit 72 comprise a 
latch circuit and,, since input 73 to the AND 
circuit is negative the latch is operated to 
thereby supply a positive output on line 75 
to delay circuit 76. The delay circuit in- 

40 verts the applied positive signal and delays 
it for approximately three phases of the 
clock. Hence, the positive signal appearing 
on line 75 of phase 0 of the clock is de- 
layed until approximately phase 3 of the 

45 clock. 

In the meantime, termination of phase 0 
of the clock and begiiming of phase 1 there- 
of as illustrated by line 831, causes AND 
circuit 48 of Figure 2 to transmit service 

50 in pulse 832 on line 19 and causes AND cir- 
cuit 39 to transmit the Gate Data output 
833 on line 61. 

After approximately phase 3 of the 
clock, delay circuit 76 applies a continuing 

55; negative signal to input 68 of AND circuit 
> 53. Another input to the AND circuit com- 
prises the Gate Service In signal 830 from 
OR circuit 36. The last input to the AND 
circuit comprises the Qock 1 input 65. The 

60 next phaso 1 of the clock is illustrated by 
line 834./ This signal again causes trans- 
mission of a service in signal 835 and of a 
Gate Data output signal 836. The positive 
phase 1 clock signal is also applied to in- 

65 put 65 of NOT circuit 67 in Figure 2. The 



NOT circuit inverts this signal, supplying 
the resultant negative signal to AND circuit 
53. The AND circuit is operated thereby 
and supplies a positive output on line 77 to 
OR circuit 78. The OR circuit 78 operates 70 
by changing its output from a positive signal 
to the negative signal 837 on Gate Service 
Out output line 83. AND circuit 79 is oper- 
ated by the output of the OR circuit since 
the General Reset input 80 thereto is neg- 75 
ative as illustrated by signal 838 and there- 
by latches the OR circuit on to maintain 
the Gate Service Out signal 837. 

The negative output signal 837 indicates 
that a train of service outs from the CPU 80 
on line 18 in Figure 1 is expected. The 
total delay provided by the delay counter of 
Figure 8, the circuitry of Figure 9 producing 
Response Delay output on line 606 and the 
circuitry of Figure 2 responding to the Re- 85 
sponse Delay signal at input 63 to produce 
the Gate Service Out signal 837 is precisely 
four cycles of the clock as measured from 
the point in Figure 13 designated by line 

809 and by transmission of the accompany- 90 
ing service in signal 810 untU the point de- 
signated by line 834 and by the accompany- 
ing Gate Service Out signal 837. This de- 
lay is equal to the expected round-trip delay . 
time between transmission of the service in 95 

810 on line 19 to the CPU and the cor- 
responding service out received from the 
CPU on line 18. 

The output of OR circuit 78 is applied to 
Gate Service Out input 100 of AND circuit 100 
101 in Figure 3. The other input to the 
AND circuit comprises Clock 0 input ter- 
minal 102. This input is positive during 
phase 0 of the clock but goes negative when 
the clock switches to phase 1 as designated 105 
by line 834 in Figure 13. Hence, the AND 
circuit is operated to provide a positive out- 
put on line 103 to OR circuit 104. The 
clock 0 output terminal 102 is also supplied 
on line 108 to AND circuit 107, enabling 110 
the AND circuit upon termination of the 
phase 0 signal. AND circuit 107 and the 
OR circuit 104 comprise a latch, which is 
operated upon appUcation of the signal on 
line 103. The latch is designated as Service 115 
Response Window latch and provides out- 
put signal 839 on output line 112 and on 
line 110. This signal or "window" in- 
dicates the time during which properly trans- 
mitted and received service out signals from 120 
the CPU are to be exp>ected, A service out 
signal received during the window therefore 
has correct timing. 

Drive trigger 114 is in state A, as illus- 
trated by line 840, thereby supplying a neg- 125 
ative signal from output 15 on line 118 to 
AND circuit 111, thereby enabling the AND 
circuit in conjunction with the Service Re- 
sponse Window signal. At this time, assume 
that a service out signal 841 is properly re- 130 
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ceived on line 18 from the CPU in response 
to the service in signal 810 transmitted 
thereto. 

The received service out signal 84 1 is 
5 supplied to Service Out input terminal 126 
of Figure 3 and inverted by NOT circuit 
127. The resultant negative signal is sup- 
plied to AND circuit 111. Since a service 
out is properly received during tlie opera- 

10 tion of the Service Response Window^ out- 
put 839 supplied at input 110, AND circuit 
111 is operated to supply a positive output 
on Line 130. The positive signal operates 
OR circuit 131 which, together with AND 

15 circuit 133 forms a latch v/hich is operated 
thereby. The latched output of AND cir- 
cuit 133 thus comprises a positive signal 842 
on line 139 and on output line 137 to in- 
dicate that a service out was received dur- 

20 ing the Service Response Window and dur- 
ing Drive A time of drive trigger 114. 

The received service out signal 841 is also 
supplied at Service Out input terminal 663 
of Figure 10. This signal is appUed to the 

25 Step input 664 of the ring counter 650. This 
signal operates the ring counter to step from 
operation of stage 11 to the opyeration of 
stage 10, turning off stage 11. This opera- 
tion is depicted by vertical line 843 in 

30 Figure 13. 

As the clock completes another cycle and 
again assumes phase 0, depicted by line 844 
in Figure 13, drive trigger 114 is switched 
thereby to the *'B" state depicted by vertical 

35 line 845, and the positive phase 0 clock 
pulse is supplied to input 56 of AND cir- 
cuit 39 of Figute 2 and to input 102 for 
AND circuits 101 and 107 in Figure 3. This 
signal thereby terminates Gate Data Output 

40 pulse 836 and also terminates operation of 
AND circuit 101 and AND circuit 109 in 
Figure 3. The termination of the operation 
of those AND circuits likewise terminates 
oi>eration of OR circuit 104, causing the 

45 output of the OR circuit to go positive. In 
this manner, the negative Service Response 
Window signal 839 is terminated. 

At the next phase 1 of the clock depicted 
by line 846, service in signal 847 and Gate 

50 Data signal 848 are transmitted. The ter- 
mination of the phase 0 clock signal causes 
the Service Response Window latch of 

^ Figure 3 to again supply a negative output 
signal 849 on line 112. This signal is sup- 

55 plied to input terminal 200 of AND circuit 
>- 201 in Figure 4, which is enabled by the neg- 
ative Drive B input signal at terminal 202. 
A^ain, it is assumed that the CPU has pro- 
perly res|X)nded to the service in signal 816 

60 and service out 850 is received therefrom on 
line 18. The service out signal is applied at 
input 203, inverted by NOT circuit 204 and 
supplied to. AND circuit 201. The AND 
circuit respoiids by supplying a positive out- 

65 out on line 205 to OR circuit 206. OR 



circuit 206 and AND circuit 208 comprise 
a latch, the latch being operated by the 
signal on line 205 so as to supply a positive 
1st Service Response B signal 851 on line 
215 and on output line 217. 70 

The received service out signal 850 is 
also supplied to input terminal 663 of Figure 
10 to input 664 of the ring counter 150. 
This signal thereby steps the ring counter 
from the operation of stage 10 to the op>era- 75 
tion of stage 9, and terminates the operation 
of stage 10. This is illustrated by line 852 
in Figure 13. 

At about the same time, the counter enters 
phase 2 as designated by line 853, supplying 80 
a phase 2 clock signal at input terminal 135 
of Figure 3. The signal is inverted by NOT 
circuit 136 and appUed to AND circuit 123. 
The other input to the AND circuit com- 
prises the negative Drive B output of drive 85 
trigger 114. Therefore, the inverted phase 2 
clock signal operates AND circuit 123 to 
supply a positive signal on line 134 to AND 
circuit 133. This positive signal disables 
the AND circuit and thereby disables the 90 
latch comprising the AND circuit and OR 
circuit 131. The 1st Service Response A 
signal 842 is thereby terminated. 

During the next cycle of the clock be- 
ginning at the point designated by vertical 95 
line 854, the circuitry again operates pro- 
perly in accordance with the present ex- 
ample. The operation includes the switch- 
ing of drive trigger 114 to the **A" state 

855, the transmission of service in signal 100 

856, the transmission of a Gate Data output 
signal 857, the creation of the Service Re- 
sponse Window 858, the receipt of service' 
out signal 859 in response to the service 

in signal 823, tlie production of 1st Service 105 
Response A signal 860, the stepping of the 
byte counter to the operation of stage 8 
depicted by line 861 and the termination of 
1st Service Response B signal 851. 

The next cycle of the clock beginning with HO 
the transition to phase 0 shown by line 862 
causes drive trigger 114 to switch to the 
"B" state shown by line 863, followed by 
production of service in pulse 864, Gate 
Data signal 865 and Service Response Win- 115 
dow 866. The proper timing for a received 
service out signal on line 18 is illustrated 
by the phantom pulse 867. However, for 
the purpose of illustration, the service out is 
assumed to actually be received as shown 120 
by signal 868. Thus, service out signal 868 
is not received during apphcation of the 
Service Response Window signal 866 to 
AND circuit 201 of Figure 4. The AND 
circuit therefore is not operated and the out- 125 
put from AND circuit 208 remains nesgative 
as illustrated by signal 869. At phase 2 of 
title clock, the clock signal applied at input 
terminal 135 of Figure 3 is inverted by 
NOT circuit 136 to thereby operate AND 130 
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circuit 123. The AND circuit thus supplies 
a positive signal on line 134 to AND circuit 
133, thereby disabling that AND circuit and 
terminating 1st Service Response A output 
5 signal 860 on Une 137 as shown by nega- 
tive signal 870. 

Referring now to Figure 5, 1st Service 
Response A signal 870 at input terminal 250 
has been terminated and therefore is nega- 
10 tive as is 1st Service Response B signal 869 
at input terminal 252. Therefore, OR cir- 
cuit 251 is not operated and supplies a posi- 
tive output on line 253. This positive sig- 
nal is inverted by NOT circuit 254 and the 
15 resultant negative signal supplied on line 
255 to AND circuit 256. The Gate Service 
Out signal 837 at input terminal 257 to the 
AND circuit is also negative. Therefore, at 
phase 0 of the following cycle of the clock, 
20 designated by line 871, the positive sampling 
pulse at input terminal 258 is inverted by 
NOT circuit 259 and thereby operates AND 
circuit 256. The resultant positive output is 
supplied on line 260 to OR circuit 261. 
25 OR circuit 261 and AND 263 comprise the 
Overrun Latch and are operated thereby to 
supply a positive Overrun Error signal on 
line 265. This signal is designated by wave- 
form 872 in Figure 13. This signal is 
30 supplied to the Process and Control circuitry 
20 of Figure 1 and remains on until the 
CPU 10 has been informed and orders the 
process and control circuitry to supply a 
positive Reset Error signal at input terminal 
35 264 of Figure 5 to disable the AND circuit 
263 and thereby terminate the error signal 
872. ^ 

For the purpose of continued operation of 
the circuitry in the example shown, the ser- 
40 vice out signal received on line 18 wiU now 
be assum^ to have been the pulse 867 
shown in phantom in Figure 13, That signal 
again operates the byte counter of Figure 
10 to step to operation of stage 7 as shown 
45 by line 873. The following cycle of opera- 
tion of the clock beginning with line 871, 
again normally operates drive trigger 1 14 to 
switch to the *'A" state shown by line 874, 
transmits service in signal 875 , transm its 
50 Gate Data signal 876 and produces Service 
Response Window 877. The normally re- 
ceived service out signal 878 operates 1st 
Service Response A circuitry of Figure 3 
to produce signal 879 and operates the byte 
55 counter of Figure 10 to switch to opera.tion 
/ of stage 6, illustrated by line 880. 

The following cycle of the clock, begin- 
ning with phase 0, as shown by line 881, 
proceeds normally with operation of drive 
60 trigger 114 to the "B" stage shown by line 

882, the production of a service in signal 

883, the production of Gate Data signal 884 
and the generation of Service Response 
Window 885. ... The properly received ser- 

65 vice out signal 886 operates the 1st Service 



Response B circuitry of Figure 4 to produce 
signal 887 and causes the byte counter of 
Figure iO to step to the operation of stage 
5, shown by line 888. 

At the next cycle of the clock, beginning 70 
with phase 0 as shown by line 889, the 
drive trigger 1 14 is switched thereby to state 
"A" shown by line 890. During phase 0 
of the clock, however, service out signal 891 
is received. In Figure 3. the phase 0 clock 75 
signal has disabled AND circuits 101 and 
107 and thereby disabled OR circuit 104 so 
that no Service Response Window signal is 
applied to AND circuit 111. Hence, the 
applied service out signal 891 at terminal 80 
126, which is inverted by NOT circuit 127, 
does not operate AND circuit 111. As a 
result, AND circuit 133 is likewise not 
operated and the 1st Service Response A 
output therefrom on line 137 remains nega- 85 
tive as shown by waveform 892 in Figure 
13. 

At phase 1 of the clock, service in signal 
893 is created as is Gate Data signal 894 and 
Service Response Window 895. No ser- 90 
vice out is received during the Service Re- 
sponse Window 893 so that AND circuit 133 
of Figure 3 remains unoperated. At phase 
2 of the clock, the positive dock signal is 
applied to input terminal 212 of Figure 4 95 
and inverted by NOT circuit 213 to tliereby 
operate AND circuit 210. The AND cir- 
cuit responds by supplying a positive signal 
on line 209 to AND circuit 208. This signal 
disables the. AND circuit so that the 1st 100 
Service Response B output signal 88? on 
output line 217 is terminated, as shown by 
negative signal 896. Referring again to 
Figure 5, negative signal 892 is apphed at in- 
put 250 to OR circuit 251 and negative 105 
signal 896 is applied at input 252 to the OR. 
circuit. Therefore, the OR circuit supplies 
a positive output on line 253 which is in- 
verted by NOT circuit 254 and the resultant 
negative signals supplied over line 255 to 110 
AND circuit 256. Again, Gate Service Out 
signal 837 is applied at input 257 to the 
AND circuit. Thus, at phase 0 of the 
following cycle of the clock, designated by 
line 897, AND circuit 256 operates by 115 
supplying a positive output on line 260 to 
OR circuit 261. OR circuit 261 and AND 
circuit 263 . are both operated . thereby to . .. . 
supply a positive Overrun Error output 
signal 898 on output line 265 to the Process 120 
and Control circuitry 20 of Figure 1. The 
control unit thereby responds as before to 
notify the CPU of the error and, when the 
CPU has been informed and so instructs 
the control unit, the process and control 125 
circuitry supplies a positive Reset Error 
signal at input 264 to disable the AND cir- 
cuit and terminate error signal 898. 

To continue the illustrated example, it 
is assumed that the service out signal 891 130 
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was in fact properly received as shown in 
phantom by waveform 899. Service out 
899 accordingly operates the ring counter 
650 of Figure 10 to step to stage 4, shown 
5 by line 900. Upon the operation of stage 
4, the ring counter supplies a negative output 
signal on Byte 4 output line 668. This 
signal is supplied to input terminal 597 of 
Figure 9 to AND circuit 592. As discussed 

10 previously, AND circuit 592 has been en- 
abled by the application of a negative signal 
on line 587 thereto. Thus, the negative signal 
at input 597 operates the AND circuit to 
supply a positive output on line 602 to OR 

15 circuit 556. The OR circuit responds by 
supplying negative Counters Compare out- 
put signal 901, illustrated in Figure 13, on 
output line 607. 

The Counters Compare signal 901 in- 

20 dicates that the number of service out sig- 
nals received! from the CPU 10 on line 18 
of Figure 1 is equal to the number of ser- 
vice ins and bytes of data trananitted to the 
CPU less the number of cycles of the clock 

25 comprising the round-trip cable delay be- 
tween the control unit and the CPU. There- 
fore, the number of service ins so far trans- 
mitted to the CPU 10 on line 19 is equal 
to the total number of bytes of data in the 

30 record being transmitted. Therefore, the 
supply of service in signals is to be termin- 
ated. 

Referring now to Figure 7, the negative 
Counters Compare signal 901 is suppUed at 

35 input terminal 354 of AND circuit 350, 
The Gate Service In signal 830 is supplied 
to input terminal 351 of the AND circuit. 
Hence, at phase '4 of die clock, the positive 
clock signal is supplied at input 352 and 

40 inverted by NOT circuit 353 for application 
to the AND circuit. The clock signal there- 
by operates the AND circuit to supply a 
positive output on line 355 to OR circuit 
356. OR circuit 356 and AND circuit 360 

45 comprise a Counters Equal latch and: are 
operated thereby to supply the positive 
Counters Equal output signal 902 on output 
line 362. 

This positive Counters Equal signal is 

50 supplied to input terminals 44 and 54 of 
Figure 2. This signal at input terminal 54 
has no effect upon binary trigger 51, which 
continues to supply its positive Run Clock 
output on line 55. The positive input 902 to 

55 AND circuit 40, however, disables AND 
circuit 40 which, in turn, disables OR circuit 
36. Terminating the op>eration of OR cir- 
cuit 36 thereby terminates negative Gate 
Service In signal 830, as shown by waveform 

60 903. The resultant positive signal 903 there- 
by disables AND circuits 48 and 39, pre- 
venting transmission of any additional ser- 
vice in signals on line 19 or any Gate Data 
signals on line 61. 

65 Due to the termination of the Gate Service 



In signal 830, the sole function of the sub- 
sequent phase 1 outputs of the clock is the 
generation of Service Response Window 904. 
At the immediately following phase 1 signal, 
the binaiy trigger 114 is in state "B" as 70 
illustrated by line 906. Hence, in Figure 4, 
the Drive B input 202 to AND circuit 201 is 
enabled. The received service out, as in- 
verted by NOT circuit 204, and the Service 
Response Window signal 904 thereby oper- 75 
ate AND circuit 201. The AND circuit sup- 
plies a positive output to OR circuit 206, 
which causes a latching of OR circuit 206 
and AND circuit 208. The resultant posi- 
tive 1st Service Response B signal 907 is 80 
supphed on output hne 217 and on line 215 
to AND circuit 218. The Drive B input 
219 is also negative thereby enabUng AND 
circuit 218. But bemuse of the positive 
service out signal at input 220 thereto, the 85 
operation of AND circuit 218 is delayed 
untn termination of the initial service out 
signal 905 and is not operated thereby. The 
termination of signal 905 operates AND cir- 
cuit 218 to supply a positive output to OR 90 
circuit 225. This signal latches OR circuit 
225 and AND circuit 228 to thereby supply 
a negative 2nd Service Response . Synch B 
signal on line 226 to the AND circuit 223. 

During the same Service Response Win- 95 
dow 904, in Figure 13, a second service out 
908 is received. This erroneous signal is 
appUed at input terminal 220 to line 221 and 
inverted by NOT circuit 222 for applica- 
tion to AND circuit 223. The conjunction 100 
of negative inputs operates AND circuit 223 
to supply Drive B 2nd Response Error 
signal 909 on output line 235 to input ter- 
minal 161 of Figure 3. This positive signal 
operates OR circuit 155 and causes a latch- 105 
ing of the OR circuit and AND circuit 157. 
The latched- output comprises 2nd Response 
Error output signal 910 on line 159. This 
signal is supplied to Process and Control cir- 
cuitry 20 of Figure 1 and indicates that two 110 
service outs were received during a single 
Service Response Window, an error con- 
dition. 

Again, the control unit informs the CPU 
10 of the error and, after being instructed 115 
later by the CPU 10, supplies a positive 
Reset Error signal to input terminal 158 of 
AND circuit 157 in Figure 3. The positive 
signal disables the AND circuit and also 
OR circuit 155 to thereby terminate the 2nd 120 
Response Error signal 910. 

To illustrate continued operation of the 
circuitry in accordance with the present ex- 
ample, it will be assumed that the two re- 
ceived service outs 905 and 908 are re- 125 
placed by a single properly received service 
out signal 911 shown in phantom. This 
properly received service out signal steps the 
byte counter of Figure 10 from the operation 
of Stage 4 to the operation of Stage 3. This 130 
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step terminates the negative output on line 
668 to the Byte 4 input terminal 597 of 
Figure 9. Hence, AND circuit 592 is dis- 
abled and terminates the positive output on 
5 hne 602 to OR circuit 556. The OR circuit 
thereby terminates its negative Counters 
Compare output signal 901 on output line 
607. This termination has no effect on AND 
circuit 350, however, since it was already 
10 disabled by the termination of the earlier 
phase 1 clock signal. The positive output 
signal 902 on line 362 is not effected be- 
cause AND circuit 360 continues to latch 
OR circuit 356. 
5 At the next cycle of the clock, illustrated 
by line 913, the binary trigger is switched to 
state "A", illustrated by hne 914, hi deter- 
mination of the phase 0 signal generates 
Euiother Service Response Wmdow 915. The 
20 received proper service out signal 916 
causes production of 1st Service Response 
A signal 917 and causes the byte counter of 
Figure 10 to step from stage 3 to the opera- 
tion of stage 2, shown by line 918. Like- 
25 wise, the next cycle of the clock originating 
at line 919 switches drive trigger 114 to 
state "B" shown by line 20 and estabUshes 
Service Response Window 921, The pro- 
perly received service out signal 922 gener- 
30 ates 1st Service Response B signal 923 and 
steps, the byte counter at Figure 10 to the 
operation of stage 1 as shown by line 924. 

Next, the following cycle of the clock 
originating with line 925 switches drive 
35 trigger 114 to state "A" shown by line 926 
and termination of the phase 0 signal gener- 
ates Service Response Window 927. The 
next received service out signal 928 gener- 
ates 1st Service Response A signal 929 and 
40 steps ring counter 650 of Figure 10 from the 
operation of stage 1 to the operation of stage 
0. Operation of stage 0 supplies a negative 
Byte 0 signal oh output line 672 to input 
554 of Figure 9 and uiput 320 of Figure 6. 
45 The input signal at terminal 554 of Figure 
9 has no effect upon AND circuit 553 due 
to the positive signal on line 552 thereto. 

The negative signal at input 320 of 
Figure 6, however, enables AND circuit 311 
50 to respond to the subsequently appearing 
phase 0 clock signal designated by line 931. 
The positive phase 0 signal at input terminal 
308 is inverted by NOT circuit 309 and ap- 
pUed at input 310 to the AND circuit 311. 
55 And circuit 311 is operated thereby to 
>■ supply a positive output on line 321 to OR 
' circuit 322. OR circuit 322 and AND cir- 
cuit 325 comprise a latch. The other mput 
to AND circuit 325 is the phase 3 clock in- 
60 put at terminal 326. Since this input is 
negative, the AND circuit is operated and 
latches OR. circuit 322. The latch thus ap- 
plies Byte d HO signal 932 on output line 
323 to Figure 2 and on line 328 to AND 
65 circuit 329. At Figure 2, the signal is ap-. 



plied to input terminal 60 and has no addi- 
tional effect on the AND circuit 39 which is 
already disabled by the positive signal at 
input 49 thereto. 

The latched negative input to AND cir- 70 
cuit 329 on line 328 enables that AND cir- 
cuit so that at the following phase 1 of the 
clock, the positive signal applied at mput 
330 is inverted' by NOT circuit 331 to 
operate AND circuit 329. The AND circuit 75 
thereby supplies a .positive General Reset 
signal 933 on output lhae 332 to input ter- 
minal 80 of Figure 2, input terminal 361 
of Figure 7, input terminal 411 of Figure 
8 and input terminal 702 of Figure 10. 80 

In Figure 2, the General Reset signal 933 
appearing at input 80 to AND circuit 79 dis- 
ables the AND circuit which, in turn, dis- 
ables OR circuit 78. Thus, the Gate Ser- 
vice Out signal 837 is terminated, as shown 85 
by waveform 934. Terminaiton of this sig- 
nal prevents the operation of the circuitry of 
Figures 3 and 4 and, in effect, instructs that 
no further service out signals are to be ex- 
pected. 90 

The General Reset signal 933 is supplied 
to input 361 of Figure 7 and disables AND 
circuit 360 which, in turn, disables OR cir- 
cuit 356. The disabling of those circuits 
causes the Counters Equal output signal on 95 
line 362 to be terminated, shown by wave- 
form 935. Thi§ signal is suppUed to input 
terminal 44 of Figure 2 and, by going 
negative, thereby enables AND circuit 40 to 
res{X)nd to the operation of - OR circuit 36 to 100 
any subsequent Go signal received at input 
terminal 35 from Process and Control cir- 
cuitry 20 of Figure 1. 

Termination of the Counters Equal signal 
as shown by waveform 935 is supplied at 105 
output 362 to inputs 44 and 54 of Figure 
2. At input 44 the negative signal is ap- 
plied to AND circuit 40 to thereby enable 
the AND circuit to respond to the next Go 
input signal to then allow the operation of 110 
the Gate Service In latch comprising OR cir- 
cuit 36 and AND circuit 40. The negative 
going signal of waveform 935 is also ap- 
pHed at input 54 to bmary trigger 51 and 
operates tlie tripper to tliereby change state. 115 
The trigger thus termmates the positive Run 
Clock output on line 55 to Figure 12. Ter- 
mination of this positive signal at input 27 
of Figure 12 thereby stops further operation 
of the clock and holds the clock in con- 120 
dition to begin phase 0 immediately after 
the Run Clock input 27 becomes positive. 

The General Reset signal 933 is also 
applied to input terminal 411 of Figure 8 
and supplied on line 412 to AND circuit 125 
413, input 414 of AND circuit 415 and in- 
put 416 of AND circuit 417. This signal 
thereby disables any of the AND circuits 
which happen to be operated and similarly 
disables any of the associated OR circuits 130 
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which therewith comprises a latch. In the 
instant example, only Latch 4 is operated 
and thereby disabled by the General Reset 
signal 933. With all the latches disabled, 
5 the delay counter comprising Figure 8 is 
thereby returned to the "0" state illustrated 
by line 936. The delay counter is thus placed 
in condition to again count to the desiredi de- 
lay time for a subsequently transferred re- 
10 cord. 

The resetting of the delay counter of 
Figure 8 to 0 by the General Reset pulse 
933 terminates the negative Latch 4 signal 
on output line 447 to input terminal 543 

15 of Figure 9. That termination causes input 
544 to AND circuit 514 to go positive, 
thereby disabling the AND circuit. Being 
so disabled, output 572 of the AND cir- 
cuit goes negative, the negative signal being 

20 supplied on line 582 to OR circuit 551. Since 
none of the other inputs to the OR circuit 
is positive, OR circuit 551 is disabled, ter- 
minating Response Delay output signal 829 
on output line 606. This is illustrated by 

25 waveform 937. The resultant positive signal 
is applied to input 63 of Figure 2 and input 
304 of Figure 6. The signal in input 63 of 
Figure 2 is applied to AND circuit 46 and to 
AND circuit 72 thereby disabling both AND 

30 circuits and thereby disabling die latch com- 
prising OR circuit 70 and AND circuit 72. 
The circuitry thus will prevent operation of 
Gate Service Out latch comprising OR cir- 
cuit 78 and AND circuit 79 until the Re- 

35 spon^ Delay signal again goes negative. In 
Figure 6, the ix>sitive signal, at input 32 is 
inverted and delayed by delay circuit 305 
and supplied to AND circuits 301 and 303, 
thereby enabling both AND circuits to oper- 

40 ate upon application of the next phase 0 
clock signal. 

The General Reset signal 933 as applied 
to input terminal 702 of Figure 10 operates 
the Reset input 703 to the ring counter 

45 650. This signal assures that t±ie stag© 0 
of the counter remains operated to supply 
the negative output on line 672 and enables 
the counter to be set to the operation of any 
desired stage upon application of a positive 

50 signal thereto on one of the input lines 
551 — 662. The counter is thereby enabled 
to be set to the number of bytes of any sub- 
sequently transferred record. 

Thus, the circuitry of Figures 1 — ;10 and 

55 12 has operated in accordance with the 

; -waveforms shown in Figure 13 to supply 
service in ^gnals on line 19 and to gate each 
byte of data of the record to be transferred, 
both to the CPU 10, counted out the round- 

60 trip delay to be expected for the receipt of 
the first corresponding service out from the 
CPU 10, counted down to terminate the 
transmission of service in§ to the CPU after 
all of the bytes of data comprising the re- 

65 cord have been transmitted, checked the 



timing of the received service outs and sig- 
nalled any errors, and counted the total 
number of service outs received to be sure 
that that number compares with the number 
of service in signals transmitted, thereby as- 70 
suring that the entire record was properly 
received by the CPU. 

The write operation is basically the same 
as the read operation except that the re- 
cord to be transferred is transferred from 75 
the CPU to the control unit, AND circuit 
39 of Figure 2 is disabled due to the ab- 
sence of the positive Read signal at input 
tenninal 37 thereto, and AND circuit 752 of 
Figure 11 is operated instead as a result of 80 
the application of a positive Write input 
signal at terminal 750. 

Upon application of the Go input signal, 
the remainder of the circuitry of Figures 1 — 
12 operates as before to supply a series of 85 
service in signals 940 — 950, as shown in 
Figure 13, on Service In output line 19 
from AND circuit 48 in Figure 2. The 
AND circuit 39 is disabled, however, and no 
accom{>anying Gate Data output signals are 90 
supplied. After the predetermined delay. 
Gate Service Out signal 951 is supplied on 
line 83 from OR circuit 78 of Figure 2. As 
before, this negative signal is supplied to in- 
put 100 of Figure 3 to AND circuit 101. 95 
The AND circuit is thereby operated by a 
negative signal at input terminal 102 which 
occurs upon termination of the. positive 
phase 0 clock pulse thereat. Such operation 
of the AND circuit causes a positive output 100 
to be supplied on line 103 to OR circuit 
104. The OR circuit 104 and AND circuit 
107 comprise a latch, AND circuit 107 simi- 
larly being enabled by the negative input on 
line 108 from termmal 102. Therefore, 105 
OR circuit 104 suplies a series of Service 
Response Window signals 952 — 962 until 
ring counter 650 of Figure 10 provides an 
output on Byte 0 output 672. 

After the delay defined by Gate Service 110 
Out signal 851, service out signals 963 — 
973 and b3^es of data illustrated by signals 
974 — 984, respectively, on line 18 and cable 
15, are received. 

Referring to Figure 11, the positive write 115 
signal at input terminal 750 is inverted by 
NOT circuit 751 and applied to AND cir- 
cuit 752. The series of negative Service 
Response Window signals 952 — 962 are ap- 
plied at input terminal 753 to the AND cir- 120 
cuit, thereby enabling the AND circuit for 
the duration of each of the window signals. 
During the presence of the Service Response 
Window signals, the received service out 
signals 963 — 973 are applied at input ter- 125 
minal 754. These pwsitive signals are in- 
verted by NOT circuit 755 and supplied to 
AND circuit 752, thereby operating the 
AND circuit. Thus, at each of the cor- 
recfly received service out signals, AND 130 
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circuit 752 supplies a Set Bus Register sig- 
nal 985 — 995 to the input-output register 16 
of Figure 1. Each of these signals operates 
the register to receive and store the cor- 
5 responding parallel byte of data 974 — 984 
supplied thereto on cable 15. After re- 
ceipt of the byte of data, the input-output 
register supplies each byte of data to Pro- 
cess and Contror circuitry 20. 

10 WHAT WE CLAIM IS : — 

L A data transfer system including a 
data transmitter and a data receiver, w^here- 
in blocks of data are transferred succes- 
sively, each accompanied by a first control 

15 signal, and wherein the receiver responds 
to the reception of each, block of data and 
its respective first signal by transmitting a 
second control signal, the system including 
means for defining time slots during each of 

20 which a second control signal should be 
received at the transmitter, and checking 
means for verifying that only one second 
control signal is received during each de- 
fined time slot. 

25 2. A system as claimed in claim 1 
wherein the checking means emits a first 
error signal in response to the absence of a 
second control signal during a defined time 
slot, and a second error signal in response 

30 to the reception of two second control sig- 
nals during a time slot. 

3. A system as claimed in any preceding 
claim wherein the means for defining time 



slots comprises delay means for defining a 
delay period equal to the time required for 35 
a signal to travel from the transmitter to the 
receiver and back to the transmitter, and 
timing means for defining the time slots 
after the delay period has elapsed. 

4. A system as claimed in claim 3 40 
wherein the delay means comprises a delay 
counter which counts from zero at the block 
transmission rate and stops counting when 
said delay period has been defined, and die 
system includes a block counter which is 45 
initially at a count equal to the number of 
blocks to be successively transferred and 
which is decremented by one as each block 

of data is received, and transmission ter- 
mination means for ending the transmission 50 
of data blocks when the counts of the delay 
counter and the block counter become equal. 

5. A system as claimed in claim 4 fur- 
ther including counter checking means for 
emitting an error response after the re- 55 
ception of the last successively transferred 
block of data unless the block counter has 
been decremented to zero upon reception of 
said last block. 

6. A data transfer system substantially as 60 
described with reference to the accompany- 
ing drawings. 

L. PERRY, 
Chartered Patent Agent, 
Agent for the Applicants. 
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